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STUDIES ON COLIFORM BACTERIA 
DISCHARGED FROM THE HYPERION OUIFALL 
FINAL BACTERIOLOGICAL REPORT 


Introduction 


A previous report entitled “The Fate of Coliform Bacteria 
in the Vicinity of the Orange County, Los Angeles County, and 
Hyperion Sewer Outfalls, May 1, 1956"! dealt with the bacterio- 
logical data collected between September 1955 and March 1956. 
Subsequently, six additional trips were scheduled to obtain 
the additional information required before final conclusions 
could be drawn. This report presents only the new data, but 
the discussions and conclusions are based on all of the available 
bacteriological information, including that in the previous 
report. Consequently, the May 1 report should be considered an 
integral part of this final report. 

Of the six trips made, two were concerned with the collection 
and analysis of coliforms in sediments from the Orange County and 
Santa Monica Bay areas. The remaining four trips were in Santa 
Monica Bay during periods when unchlorinated primary effluent 
was being discharged from the Hyperion outfall. On one trip a 
radioactive tag was added to the effluent at the plant to serve 
as a tracer. The data from this trip are presented first out of 
chronological order because of their significance in substan- 
tiating the validity of other types of information collected. 

No description of field or laboratory methods are included 
in this report unless they differ from those described in the 


May 1 report. 


1. Referred to in the text as the “May 1 report™. 
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COLIFORM BACTERIA IN THE WATER 


Radioactive Tracer Study 


Description of Cruise 

On the day of the tracer experiment, unchlorinated effluent 
was discharged from the Hyperion plant for a total of eight 
hours, according to the following schedule: unchlorinated secon- 
dary, three hours; unchlorinated primary, two hours; unchlori- 
nated primary with tag, one hour; unchlorinated primary, one 
hour; unchlorinated secondary, one hour. Radioactive scandium- 
46 was fed into the primary unchlorinated effluent at the treat- 
ment plant at a constant rate for one hour starting at 0700, 

May 23, 1956. Sufficient scandium-46 was introduced to allow 
a measurement of dilution of the effluent to about one part 
in 10,000. 

Radioactivity was detected in the boil approximately one 
hour after its introduction into the outfall, and measurements 
were continued in the boil for a further hour until the radio- 
activity started to decrease. Two dye patch experiments were 
started, about one hour apart, while the radioactivity was at 
its peak. A series of patterns, spaced at appropriate intervals, 
was then traversed by the VELERO IV making radioactivity measure- 
ments while underway. These patterns served to delimit the 
extent and position of the radioactive field at various times. 
Surface samples were taken while the ship was underway at posi- 
tions where the radioactivity appeared maximum. At the end of 
each traverse pattern, the ship returned to the position of 


maximum radioactivity where measurements were taken of radio- 
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activity vertically through the water column, and subsurface 
samples were collected for bacteriological and chemical 
analyses. All surface samples for bacteriological analyses 
(dye patch, underway, and profile stations) were collected 

in sterile one gallon jars and the identical samples were also 
used for measurements of radioactivity and chlorinity. 

A description of the equipment used, the method penis 
culating dilutions, and the data showing the position and 
intensity of the surface and subsurface radioactive fields at 
various times is given in the report of the Nuclear Science 


and Engineering Corporation, June 29, 1956.1 


Dilution of Radioactivity with Time 

Radioactivity was first detected in the boil at about 0747. 
Its intensity rapidly reached a plateau that was maintained until 
the VELERO IV left the boil for the first traverse pattern at 
0901. During this period, dilution of the effluent as calculated 
from the radioactivity, ranged from 1/12.5 to 1/100 with most 
of the values clustered around 1/25. The observed variations 
were probably due in part to the VELERO IV moving in and out of 
the boil during measurements, and in part to variations in the 
rate of feed of the tracer into and mixing with the effluent. 
The initial measurements on the subsurface radioactivity showed 
that essentially all of the tagged effluent rose to the surface 
of the ocean at the point of discharge. 

There was a consistent and fairly rapid dilution of the 
radioactivity as the tagged effluent field moved away from the 


the boil. The change with time is plotted in Figure 1 which 


1. Referred to in the text as the “NSE report”. 
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Figure 1. Dilution of sewage as determined from radio- 
activity. 
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includes data from four types of measurements. The closed circles 
represent the minimum dilutions (maximum radioactivity and there- 
fore maximum effluent concentration) detected on the various 
underway traverses, and the upper line is the approximate best 

fit through these points. The squares represent the dilutions 
calculated from the radioactivity of the samples collected in 

the two dye patches, and the lower line is the approximate best 
fit line through these points. The triangles and open circles 
are dilutions calculated from radioactivity measurements on the 
surface samples collected underway and from the surface samples 
collected at the profile stations, respectively. 

The main point to be emphasized, besides the marked dilution 
of the radioactivity with time shown by all four types of measure- 
ments, is that there is no great Hatt erenre between the minimum 
dilution found by traversing the sewage field and that measured 
by following a dye patch. The dilution curves from the two 
types of measurements do diverge somewhat; however, the difference 
between the two lines at six hours (the usual length of most dye 
patch experiments) is only about two fold. Considering the 
variations that occur in the properties of the effluent being 
discharged, this difference would not introduce any significant 
error in measurements of coliform disappearance rates. It can 
be concluded that the dye patches represent a typical part of 
the sewage field and that confidence can be placed in data 


obtained by the dye patch technique. 
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Dilution Calculated from Radioactivity and Observed MPN's 
of Coliforms 


A total of three samples were taken in the boil during peak 
radioactivity and these were analyzed for the MPN's of coliforms, 
radioactivity, and chlorinity. From these data one can calculate 
the original coliform density of the undiluted primary effluent. 
The data from these calculations are presented in Table I. The 
values obtained are reasonable for a primary treatment effluent, 
although the geometric mean of 720,000/m1 is probably higher 
than would occur if a larger number of determinations were 
involved (see page 29). 

From the calculated MPN of the undiluted effluent, one can 
calculate the expected MPN for any dilution of the effluent as 
measured by radioactivity. The results of such calculations 
are shown in Figure 2. The three lines are based on the maximum 
count, the geometric mean of the count, and the minimum count 
of Table I, respectively. On the same graph are included the 
observed MPN's of all the surface samples analyzed for coliforms 
plotted against dilution calculated from the observed radio- 
activity of the respective sample. It can be observed that 
beyond a dilution of 1/100, the majority of the samples gave 
a MPN well below the minimum calculated range. These data show 
that factors other than dilution are operating to reduce the 
coliform population within a relatively short time after the 
effluent leaves the outfall. A similar conclusion was previously 
reached from calculations based on chlorinity (May 1 report), 
where an even greater difference between observed and calculated 
MPN's existed. The significance of the greater difference is 


discussed later. 
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Figure 2, Calculated MPN for various effluent dilutions 
aS measured by radioactivity. 
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Disappearance of Coliforms with Time 

The MPN's of coliforms for all surface samples are plotted 
against time in Figure 3. The straight line is an approximate 
best fit line drawn through the geometric means of the data 
grouped somewhat arbitrarily as shown on the graph. The line 
joining the geometric means of the data collected on the same 
day by the Bureau of Sanitation, Los Angeles, is also shown on 
the graph. These data provide the best estimates of the rate 
of coliform disappearance on the day of the tracer experiment. 
It is obvious that there is no significant difference between 
our data and that obtained by the Bureau of Sanitation. The 
average rate of decrease of MPN is of the order of one magnitude 
(90%) every 4 to 43 hours and the average count reduces to below 
ten in about 15 hours. 

On the day of the trip, the sewage field instead of con- 
sistently moving away from the outfall doubled back on itself 
while showing a net movement towards the beach (see NSE report). 
It is possible under these circumstances that the coliform 
population of the tagged effluent was reinforced by contributions 
from younger effluent, and this could account in part for the 
terminal decrease in disappearance rate shown by the Bureau of 
Sanitation data, and the three relatively high MPN's obtained 


by us between 13 and 16 hours. 


and Radioactivity 
The data in Table I show that a significantly greater 


dilution of the effluent is found when one calculates this value 


from radioactivity measurements as compared to values calculated 
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Figure 3. The MPN's of coliforms for all surface samples 
versus time during radioactive cruise. 
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from chlorinity. The differences between the calculated dilutions 
become even greater as the effluent moves away from the boil. 
Using the MPN‘'s determined for the boil samples and effluent 
dilutions calculated from the two types of measurements, one can 
calculate the MPN‘'s for the undiluted effluent (0"* sample), and 
for the dye patch samples taken after zero time. These data, 
along with the observed MPN‘'s are plotted in Figure 4 using the 
geometric mean of the results from the two dye patches in all 
cases. 

Since essentially no radioactivity existed in the area of 
the outfall previous to the one hour introduction of the radio- 
isotope tag (actually the background count was determined and 
corrected for), the decrease in radioactivity is a measure of 
the total dilution of this one hour's volume of effluent. If 
this effluent were being introduced into undiluted sea water, 
then the dilutions measured by radioactivity and chlorinity 
would be the same. However, as is seen from Figure 4, dilutions 
measured from chlorinity are much less, which must mean that the 
tagged effluent was being diluted mainly with the untagged 
effluent in the area. At eight hours, for example, the tagged 
effluent at its maximum concentration constituted only 1/16 of 
the total effluent in the sample. 

If the effluent field moved away from the outfall at all 
times, then dilution of the tagged effluent on its outer boundary 
would have to be with effluent of older origin and therefore 
lower coliform density. As previously mentioned, on the day of 
the experiment the tagged field curved back towards the outfall 


and there could have been some dilution of this field with 


ee pie oi, 


bs 
™ ; 


a yy ye _ 


i a : oe ae y . : y : 
LA, Fy ne 8 | sf ay 


ye >i fd Pier y eo 4 
PEO RA OPTS Shaw RAY a Pot im ee, A. are 
N bd 7 isis alias 


Ly 207 smoH 


Aap ep iy 


Figure 4, 


Calculated MPN's/m1 from chlorinity and 
radioactivity versus time from outfall. 
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younger effluent. Unfortunately, the data do not permit an 
estimate of how much younger effluent could have been present 
in the samples analyzed. 

In a steady state condition, with constant discharge of 
unchlorinated effluent instead of only two hours discharge sub- 
sequent to the introduction of the tag as was the situation, the 
coliform counts could have been higher than those observed and 
thus a slower disappearance rate would have been measured. Since 
the coliform count on the beach depends on the disappearance 
rate and the time of travel to the beach, a slower disappearance 
rate with a longer time of travel would have the same effect on 
the beach count as a more rapid rate of disappearance with a 
shorter time of travel. 

The problem of the reinforcement of the coliform population 
of a particular volume of effluent by younger effluent can be 
examined in another way. Let us assume that a volume of effluent 
"Aw. discharged six hours before a second volume "B", has a path 
of travel that causes it to intersect volume "B” when the latter 
is two hours from the outfail. The danger of pollution on the 
beach would, of course, be from volume “B"™ and not from volume 
"A" in this situation. The total time of travel of "A" to 'B™ 
is 8 hours, and during this period the coliform population would 
be reduced by about 90% from dilution alone (Fig. 1). Volume 
"B", having traveled only two hours, has its coliform population 
reduced about 20% due to dilution alone. The contribution of 
coliforms from "Bt to “At is significant, but the contribution 
of coliforms from *A*®" to *"B* is not, and calculated numbers of 


coliforms reaching the beach from “B™ based on normal disappearance 
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rates would not differ appreciably from the actual numbers. 

The extra disappearance of coliforms due to factors other 
than dilution is clearly seen from Figure 4. The data are 
strikingly similar to those obtained in the vicinity of the 
Orange County outfall (May 1 report, Fig. 4), except that in 
the latter area the calculated MPN‘'s based on chlorinity show 
a slow but significant decrease with time that is not seen in 
the Hyperion data. The probable reason for this is that the 
effluent field around the Orange County outfall covers a smaller 
area and in most of the experiments performed the dye patches 


moved fairly consistently towards the perimeter of the field. 


Subsurface Radioactivity Measurements 

The subsurface radioactivity measurements taken at the 
profile stations indicate that mixing of the discharged effluent, 
most of which reaches the surface, eventually distributed it 
throughout the entire column of water in the part of the bay 
sampled. A qualitative inspection of the chlorinity data show 
that most of the subsurface water below 15-30 feet in the 
vicinity of the outfall is of essentially normal chlorinity, 
whereas the surface water for a considerable distance around 
the outfall contains well over 1% of the fresh water effluent 
(see Final Oceanographic Report). This means that all of the 
water in the bay is not equally effective in the dilution of 
the sewage and that surface currents and surface (horizontal) 
diffusion and mixing play the most important roles in effluent 


disappearance. 
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Using the radioactivity, chlorinity, and MPN data from the 
subsurface samples taken at the profile stations, one can cal- 
culate dilutions and expected MPN"s as was done with the surface 
data. For these calculations, all subsurface samples were 
grouped together independent of depth or location and geometric 
means were calculated. For any comparisons made, only samples 
that were determinate for both parameters being compared were 
used. Thus, out of a total of 21 subsurface samples examined, 
ten were indeterminate for dilutions calculated either from 
radioactivity or chlorinity and only eleven could be used for 
determining the geometric means. The results obtained are 
presented in Table II. 

The calculations do not have the same degree of validity 
as they do for surface samples for several reasons. First, 
radioactivity was measured by lowering the probe through the 
water column and not on the actual samples brought to the sur- 
face for coliform analysis since these samples were too small. 
Because of the non-homogeneous nature of the water mass and 
drift of the ship around the station location during sampling, 
the actual radioactivity of a sample could have differed greatly 
from that read from a depth curwe. Second, dilutions of greater 
than about 1/300 calculated from chlorinities are certainly 
grossly inexact, and dilutions of greater than 1/2000 are com- 
pletely indeterminate. The data presented above should be 
viewed with these limitations in mind. 

From the data in Table II, it can be seen that a greater 
dilution of the tagged effluent occurs than one would calculate 


from chlorinity, indicating, as with the surface samples, that 
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TABLE II 


Calculated Dilutions and Calculated and Observed MPN's 
of Subsurface Samples 


Number of Calculated from Observed 
samples radioactivity chlorinity MPN's/m1. 
Geometric mean 12 1/640 1/160 
of dilutions 
Geometric mean 20 790 70 


on MPN‘'s/ml. 11 3,600 170 
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dilution of fresh effluent with older effluent is occurring. 
The calculated MPN's are higher than the observed ones showing 
again an extra disappearance of coliforms in addition to that 
due to dilution. Assuming sedimentation to be an important 
factor in the extra disappearance, one might have expected the 
observed subsurface MPN's to be higher than the calculated MPN's, 
at least in some individual instances, since one might expect 
to trap settling particles in some of the subsurface samples. 
Actually, three out of the twenty subsurface samples had MPN's 
that were higher than the calculated, and in four instances, 
subsurface samples having higher counts than the water above 
them were observed. These limited observations provide some 
evidence for the occurrence of sedimentation which was evident 
aS a cause of coliform disappearance in the vicinity of the 


Orange County outfall (May 1 report). 
Dye Patch Experiments 


In addition to the two dye patch experiments done on the 
tracer cruise, six additional were run on three other trips 
during which primary effluent was being discharged from the 
Hyperion outfall. The MPN*s obtained are plotted against time 
for each individual run in Figure 5, and the geometric means of 
the MPN‘s of all the runs against time in Figure 6. The time for 
90% reduction in coliform count ranged from 13 hours for the most 
rapid to 43 hours for the slowest with 3 hours as the average. 
The last value is the best estimate available for the rate of 
disappearance to be expected around the proposed new outfall 


assuming the same type of primary effluent will be discharged. 
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The MPN of coliforms versus time for primary 
unchlorinated effluent. 
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Figure 6. MPN of coliforms versus time for the Hyperion 
and Orange County outfalls. 
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The comparable data for the vicinity of the Orange County outfall 
are also plotted on Figure 6 for purposes of conparisieay the 
average disappearance rate for this area being 90% in 13 hours. 

In an effort to determine whether or not the dye patch 
experiments gave data that were representative of the entire 
effluent field, experiments were run at Whites Point and at 
Hyperion (during discharge of secondary treatment effluent) 
in which a large number of samples were collected over a closely 
Spaced grid (1,000 feet on a side) located within the sewage 
field. The results of these experiments were discussed in the 
May 1 report. The same type of experiment was done on three 
Separate occasions during the discharge of primary effluent from 
the Hyperion outfall. Two grids of 25 samples each, spaced 
approximately 4 hours travel of the field apart, were run on 
each trip. 

The individual counts in the grids showed the same type of 
distribution as was shown for the two previous Hyperion grids 
(May 1 report), with most of the values for any grid clustered 
around the geometric mean. The geometric mean of the MPN's of 
the individual grids are plotted on Figure 6. It can be seen 
that, with one exception which was low, the means fall remarkably 
close to the curve representing the average disappearance rate 
determined from the dye patch experiments. These data are further 
confirmation that the dye patch technique gives a representative 
picture of the behavior of the effluent field. 

The question as to whether the fluorescein used in the dye 
patch experiments exerts a toxic effect on the coliforms present 


waS previously considered. Experiments were reported (May 1 
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report, p. 66) that showed no dye toxicity. These experiments 
were run in the absence of direct sunlight and the possibility 
existed that a toxicity due to a photodynamic effect could 
occur. Consequently, toxicity of fluorescein was retested 
taking this factor into consideration, but no photodynamic 
effect could be shown. The results of one experiment are 


presented in Table III. 
Subsurface Distribution of Coliforms 


Thirty-four stations were occupied at which a series of 
one surface and three subsurface samples were collected and 
analyzed for coliforms and chlorinities. The profile con- 
structed from one series of stations is shown in Figure 7. 

As with the previous data of this nature discussed in the 
May 1 report, the highest subsurface counts occurred along the 
general lines of movement of the surface effluent field. The 
tongues of high coliform content extending down from the sur- 
face that were so prominent in the Orange County data did not 
show up as strongly in the data taken in Santa Monica Bay. 
There were individual high subsurface counts in areas of normal 
chlorinity that did suggest sedimentation as was discussed 
above in connection with the subsurface radioactivity measure- 
ments. In general, the evidence for sedimentation as an 
important factor for coliform disappearance was not as strong 
in the Santa Monica Bay area as in the other areas studied. 
This could relate to the lack of steady state discharge of 
unchlorinated effluent into Santa Monica Bay. Since unchlor- 


inated sewage was only released for a few hours on the days 
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TABLE III 


Effect of Fluorescein on Coliform Organisms 


in the Presence of Direct Sunlight1 


MPN/m1 MPN/m1 
Time with dye without dye Time with dye without dye 
O hour 24,000 24,000 4 hours 2,300 23 
72,000 72,000 : 620 6.2 
2 hours 2,300 2,300 6 hours 230 0.6 
25300 230 230 nil 


1, A mixture of 5% unchlorinated primary effluent in sea water 
with and without 0.01% sodium fluorscein was used. A 500 ml 
mixture in an open beaker was exposed to sunlight for the time 
indicated. MPN*s were determined by Standard Methods. 
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Figure 7. Vertical distribution of coliform bacteria at 
the Hyperion outfall on April 17, 1956. 
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of the trips taken, most of the solids in the bay at these 
times were from chlorinated effluents and would be expected to 


contribute little or nothing to the subsurface coliform counts. 
Bureau of Sanitation Results 


Previous to the May 1 report, there had been an extensive 
discussion of the apparent discrepancies between the disappearance 
rates we observed using the dye patch technique, and the rates 
found by the Bureau of Sanitation using a different type of 
field procedure. This problem was discussed in the May 1 
report (p. 64-71) and it was concluded that the differences 
in results were independent of field or laboratory technique 
and related only to differences in the nature of the effluents 
being studied. Most of our work was done on primary effluent 
from Orange County and most of theirs on secondary treatment 
effluent from Hyperion. This conclusion has been substantiated 
by the more recent data collected by them and us during periods: 
of discharge of primary effluent from Hyperion. Without 
detailing the Bureau of Sanitation data, which are summarized 
in their “Summary Report, Oceanographic Investigation of 
Santa Monica Bay, July 1956", it is sufficient to point out 
that they show an average 90% reduction of coliform rate of 
3.4 hours for the first nine hours after discharge as compared 
to our average figure of 3 hours for the first 6 to 10 hours 
after discharge. Further, on a single trip to the Orange 
County area they found a disappearance rate identical to that 


given in the May 1 report. 
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After nine hours from the time of discharge, the dis- 
appearance rate measured by the Bureau of Sanitation changes 
sharply and is of the order of 15 hours for a 90% disappearance 
of coliforms. This value is based on samples collected close 
inshore near the surf zone and it "is believed to reflect the 
boundary effects obtained in and near the surf zone where the 
coliforms undergo a much slower rate of reduction than in off- 
shore waters". This same effect is reflected in the persistence 
of the beach counts observed on several occasions by the Bureau 
of Sanitation after the release of unchlorinated secondary treat- 
ment effluent for short periods of time from the Hyperion plant. 
The less rapid disappearance of coliforms in the surf zone was 
previously discussed (May 1 report) and it was pointed out that 
if sedimentation is an important factor in coliform disappearance, 
it would not be operative in the surf where turbulence would 
keep particulate matter in suspension. In fact, the breaking up 
of particles in the surf might in effect increase the apparent 
MPN's of the beach samples. The major significance of this 
effect is merely to shorten somewhat the time of travel available 
for effective coliform disappearance. In other words, the time 
of travel to the surf zone and not to the beach is the signifi- 
cant one. The difference between the two times, however, is 


small. 
Summary of Water Data 


The rate of disappearance of coliforms discharged from 
three ocean outfalls was determined by following patches of 


effluent tagged with fluorescein dye. The general similarity 
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between data obtained by this method and by three other indepen- 
dent methods, (using a radioactive tracer, running traverses 
across the sewage field, and running detailed grid patterns in 
the field) shows the validity of the dye patch procedure for 
determining the fate of coliforms in an effluent field. 

Calculations based on dilutions of effluent measured by 
radioactivity showed that even in effluent of very recent origin 
from an outfall, there is a greater disappearance of coliforms 
than can be accounted for on the basis of dilution alone. When 
Similar calculations are made using chlorinities as a measure 
of dilution, the extra disappearance over dilution is much greater, 
showing that fresh effluent undergoes considerable dilution by 
older effluent in the vicinity of an outfall. 

Data obtained from subsurface samples taken below the main 
effluent field show that sedimentation is an important factor in 
the extra disappearance of coliforms. The data available were 
not sufficient for a precise measure of this effect and it is 
not certain whether die-off of coliforms and other factors are 
also of significance in the extra disappearance. 

The disappearance rate differed with each type of effluent 
studied, being most rapid for the Orange County effluent and 
least rapid for the Whites Point effluent (although data on the 
Whites Point area are fragmentary). Primary effluent from 
Hyperion shows a more rapid rate of disappearance than secondary. 
The rate of disappearance may be related to the solid content 
of the effluents and their settling characteristics. The average 
value obtained for the Hyperion primary effluent, 3 hours for a 


90% disappearance, is a reasonable one to employ for calculating 
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performance of the proposed new outfall in Santa Monica Bay, 
if unchlorinated primary effluent of the type studied is to be 
discharged. 

Disappearance is less rapid once the effluent reaches the 
surf zone. This is explainable, if sedimentation is a major 
factor in removal of coliforms on the basis of the elimination 
of settling by the turbulence in the surf. In effect, it is 
only the time of travel from the outfall to the surf zone, and 


not to the beach, that is of importance in coliform disappearance. 
CONCLUSIONS WITH RESPECT TO STATE STANDARDS 


In the "Decision dated May 2, 1956, of the State Water 
Pollution Control Board" standards were set for the "waste 
discharges proposed by the City of Los Angeles in its June 13, 
1955 report. . .“ Of the standards set, only two refer to the 
permissible coliform densities and the question to be discussed 
in the following section is whether, in the light of the infor- 
mation available, they will be met. The non-bacteriological 
aspects of the standards will be dealt with in other sections 
of the final report. 

In the specifications, the area around the proposed outfall 
is divided into three areas, each protected for different bene- 
ficial uses. Area 1 includes waters within 5,000 feet of the 
nearest sludge or effluent outlets; Area 3 comprises the waters 
between high-water line on the beach and a line 1,500 feet off- 
shore from the high water line; and Area 2 the waters not 
included in Areas 1 and 3. For purposes of sampling, eight 


traverses were established that ran radially outward on specified 
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bearings from the point of origin. On each traverse there is 

an A station within Area 1 and B and C stations in Area 2, the 
locations of which are within specified distances from the point 
of origin of the traverse. In addition, there are a series of 
shoreline stations located at not greater than 10,000 feet inter- 
vals for a distance of 14 miles north and 9 miles south of the 
Hyperion plant. The bacteriological standards laid down specify 
that as determined by the B and C sampling stations "The coli- 
form concentration, aS measured by the geometric mean at the two 
sampling stations along each radial traverse, shall not exceed 
100 per ml in any three consecutive samples or in more than 20% 
of any 20 consecutive samples.” As determined at the shoreline 
sampling stations, “The coliform concentration at each sampling 
station shall not exceed 10 per ml in any three consecutive 
samples or in more than 20% of any 20 consecutive samples.” 

From the information available on currents in Santa Monica 

Bay, it can be assumed that the most rapid currents observed 
along any traverse will be no greater than the maximum rate 
observed along any other. This does not imply that the effluent 
will spread out equally in all directions, since the data have 
shown that a well-developed current system exists in the bay 
(see Final Current Report), but it does imply that the maximum 
danger of noncompliance with the standards will be along the 
traverses of minimum length and consequentiy of minimum travel 
time of the effluent from the outfall to the established 
stations. On this basis, traverses 2 and 3, which run most 
directly towards the beach are the most critical ones. Along 


these traverses, the B stations can be located between 13,000 
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and 17,000 feet from the outfall, and the C stations between 

23,000 and 27,000 feet away. For the purposes of the further 
discussion it will be assumed that the B stations along these 
two lines are 3 statute miles (15,800 feet), the C stations 5 
miles (26,400 feet), and the surf zone 53 miles (29,000 feet) 
from the outfall. 

In order to make any predictions, the following information 

must be available; (1) the rate of disappearance of coliforms, 
(2) the initial coliform content at the boil, and (3) the rate 
of travel to the surf zone (or any other point away from the 
boil for which prediction is desired). Each of the above 
factors are variable and aithough average values can be assigned 
for each, the extreme situations must be considered as well as 
the average situation. 

The average disappearance rate of 90% reduction in 3 hours 
can be accepted as typical under the conditions that we studied. 
No individual dye patch showed a disappearance rate of greater 
than 43 hours for 90% reduction, and this value is therefore 
used for the “worst" situation. It is possible that slower 
rates might occur on some occasions, but there is no way of 
predicting the frequency of such occurrences from our data, if 
they do occur at ali. 

Various estimates can be made of the coliform population 
at the boil depending on the data employed. Ome could accept 
the geometric mean of the twelve samples we collected in the 
boil during discharge of primary effluent, 36,000/ml, as also 
applying to the situation that would exist around the proposed 


outfall. However, since an initial dilution of at least 1/60 is 
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expected from the proposed outfaiil, and an average dilution of 
only about 1/25 (based on radioactivity measurements) occurs 
around the existing outfall, the above value should be corrected 
by a factor of 25/60 giving an average value of about 15,000/m1 
for the proposed outfall. One could also use the MPN‘s of the 
primary treatment effluent per se and correct these for the 
expected initial dilution. Plant data, summarized by the 
Hyperion Engineers, give the following values for the coliform 
content of primary effluent: 259,000/m1, as the geometric mean 
of 257 grab samples taken over a year's period at the same 
clock time for each sample; 561,000/m1 as the geometric mean 

of 24 samples taken over a 24 hour period; 389,000/m1 as the 
geometric mean of a similar series taken over a different 24 
hour period. Applying the factor of 1/60 as the minimum 
expected dilution, the above values would yield coliform 
densities at the boil of 4,300, 9,400, and 6,500/m1, respec= 
tively. Using the boil counts obtained on the tracer cruise, 
calculating back to the initial count of the effluent (see 
Table I) on the basis of radioactivity, and again assuming a 
minimum dilution of 1/60 at the boil for the proposed outfall, 
a boil count of 12,000/m1 is obtained. The highest and lowest 
estimates from these data differ by a factor of four which 
represents a little less than 2 hours disappearance time at the 
rate of 3 hours for 90% disappearance. The highest value, 


15,000/m1 at the boil, is arbitrarily accepted as the average 


1. This is the figure cited by the Hyperion Engineers as resulting 
from Dr. Brooks’ studies on the design of the proposed outfall. 

A larger or smaller value would change the calculations propor- 
tionately. 
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31 
count to expect, since this is the safest assumption that can 
be made. 

The count at the boil could be higher than the figure 
chosen if either the estimate of initial dilution is too high, 
or if the coliform content of the primary effluent is higher 
than the figures cited. Although reasonable estimates of the 
"worst™ situation are difficult to arrive at, one would not 
expect any appreciable volume of a primary effluent to have a 
coliform content of greater than 2,000,000/m1, nor would one 
expect the proposed outfall to give a lower initial dilution 
than the present outfall, or 1/2156 Using these two values 
for the worst situation that might exist at any time at the 
proposed outfall, a value of 80,000/ml is obtained for the 
boil count. 

Using the average and worst values arrived at, one can 
calculate the expected coliform count at any time of travel 
from the outfall. In Figure 8 is a graphic presentation of 
these calculations. From these curves it can be seen that 
movement of the water to the surf zone in less than 95 hours 
is required before the State Standards for the beach would be 
exceeded under averaged conditions of initial coliform popu- 
lation and disappearance rate. The comparable figure for the 
worst situation envisioned is 173 hours. These times corres- 
pond to critical current velocities directed towards the beach 
of 0.58 and 0.31 statute miles per hour, respectively. At 
these velocities the calculated geometric mean of the B and C 
station counts are 72 and 100, respectively. In other words, 


if the beach stations meet State specifications, then the B 


and C stations will also comply. 
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Figure 8. 


The MPN of coliforms versus time of travel 
from the outfall. 
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The current data obtained during the bay survey is dealt 
with in an accompanying report and will not be considered in 
detail here. However, an inspection of the drift card returns 
show that the great majority of the cards released at the sites 
of the proposed sludge and effluent lines required considerably 
longer than 24 hours to reach the beach, if they were carried 
ashore at all. Actually, only two required less than 24 hours, 
the times being 21 and 18 hours, respectively. Even this rate 
of movement would not result in beach pollution under the worst 
set of conditions assumed. Therefore, on the basis of measured 
currents around the proposed outfall sites, one must conclude 
that there is an ample margin of safety as for meeting the coli- 
form requirements set down. 

It must be pointed out that velocities of greater than 
the critical ones cited above were found in the bay. Indivi- 
dual drift cards released on 2 of the 13 trips had velocities 
exceeding 0.58 miles per hour, and on 4 of the 13 trips 
exceeding 0.31 miles per hour, with one cruise (Aug. 20 and 21) 
not included. For the most part, the high velocities were from 
cards released im the inshore stations, particularly those 
towards the south end of the bay. In some of these instances 
the cards did not move directly to the beach, so even though the 
velocities were high the actual time of travel in the water would 
have been sufficient to reduce the coliform population below the 
specified maximum. However, many cards of high velocity traveled 
directly towards shore. 

If sustained currents towards the beach of greater than 


0.58 miles per hour were observed more than 20% of the time, 
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non-compliance with State Standards would certainly be expected. 
If, however, sustained currents of greater than 0.31 miles per 
hour towards the beach were found 20% of the time, the possi- 
bility of compliance would still be good since extreme conditions 
were postulated to arrive at this “worst” value. From the current 
data available for the proposed outfall stations, one can only 
say that neither of these conditions seem to prevail, taking the 
year’s measurement aS a whole and, therefore, general compliance 
with State Standards would be predicted, However, if conditions 
at the inshore stations are applied to the proposed outfall 
positions, compliance is dubious. 

One further point needs discussion, and that is the speci- 
fication that no three consecutive samples at any single beach 
station should exceed a count of 10/ml. If the temporary exis- 
tence of a high velocity current brings a slug of effluent into 
the surf zone in less than the critical time, then the slower 
rate of disappearance of coliforms in the surf could result in 
excesSive counts for periods much longer than the existence of 
the current. For example, 24 hours of a sustained current of 
greater than 0.58 miles per hour toward the beach could give 
high beach counts for as much as 48 hours thereafter. Chlorie 
nation of the effluent being discharged subsequent to the 
initial 24 hours would not be effective in remedying the 
Situation. Since currents of this velocity have been measured 
on occasion, one must anticipate occasional difficulties in 
complying with the above standard, even though the frequency of 


such occurrences is low. 
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In final summary then, the data indicate that an ample 
margin of safety appears to exist for complying with State 
Standards on an overall basis. They do not, however, rule out 


the possibility of restricted periods of non-compliance. 
COLIFORMS IN THE BOTTOM SEDIMENTS 
Introduction 


Previous to the May 1 report, two series of bottom samples 
were collected in Santa Monica Bay and analyzed for their coli- 
form population. Less intensive sampling was also conducted 
in the vicinity of the Whites Point owtfall and around the Orange 
County outfall. In all three areas, coliforms were found for 
considerable distances around the outfalls. The numbers obser-= 
ved were variable and samples taken at approximately the same 
location near the Orange County outfall gave widely different 
coliform counts. It was believed that part of the variation 
was due to difficulties in the sampling technique, in particular 
the difficulty of capturing all of the uppermost sediment layer 
where the coliforms should be most abundant, using either the 
snappers or the coring instrument (May 1 report, p. 53-57). 

As a consequence, a new Sampling apparatus was developed and 


the coliform populations in the sediments were reinvestigated. 


Sampling Methods 


Samples were collected by two procedures, either employing 
divers or else using a specially-designed bottom sampling 


apparatus. The divers were used for the inshore samples that 
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could not be reached by ship. They were provided with glass 
tubes open on both ends, about 2 cm in diameter and 6 cm liong, 
having a cross-sectional area of 2.5 cm?, These were filled 

with sterile water and closed with caps that fitted over the 
ends of the tubes. To take a sample, the diver removed the 
caps, pushed the tube into the bottom, and then replaced the 
caps. Although a somewhat variable depth of the sediment column 
is taken by this procedure, the entire surface layer is captured, 
and this layer is the significant portion. When the capped 
tubes were returned to the divers’ launch, their entire contents 
were transferred to sterile water blanks of proper volume to 
give an initial dilution of 2.5 em /100 mi of surface area of 
sediment. From this initial dilution, further dilutions of 

ten fold increments were prepared and coliform contents deter= 
mined by Standard Methods. The counts were calculated on the 
basis of MPN's/cm@ surface area of sediment. 

The sampling apparatus used from the VELERO IV is shown in 
Figure 9, A vial of 2.5 cm? cross-sectional area, filled with 
sterile water, is inserted into the vial holder while the 
sampler is in an inverted position. The apparatus is then 
cocked, bringing a metal plate across the mouth of the vial, 
which closes it. The sampleris turned upright, maintaining a 
tension on the cable during this operation, and then lowered 
to the bottom. When the foot of the sampler hits the sediment, 
the plate pulls back allowing the vial to penetrate a cm or two 
into the bottom, depending on the type of sediment. As the 
cable is wound in to retrieve the sample, the plate closes, 


Sealing the sampie in the viai. When the sampler is brought 
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Figure 9, Bottom sediment sampler for obtaining samples 
for coliform determination. Designed by 
Dr. K. O. Emery, and constructed by Mr. Alexander 
Campbell, Chief Engineer of the VELERO IV. 
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on deck, it is inverted, the vial is removed, and the vial 
contents are introduced into a sterile dilution bottle. The 
procedure from this point on is the same as with the diver 


samples. 
Results 


Using these techniques, 100 samples were collected in the 
vicinity of the Orange County outfall on a series of parallel 
lines from about 13 miles down coast to 3 miles upcoast from 
the outfall. On each line, one sample was taken at the water 
line, one in the surf, and the remainder spaced out to three 
miles offshore. Most of the samples to a depth of 60 feet 
were taken by the divers, the deeper ones being collected from 
the VELERO IV. On several stations samples were collected by 
both techniques and these showed similar coliform counts. 
Using the same procedures, 110 samples were taken in Santa 
Monica Bay in a Similar pattern. After the bacteriological 
aspects of the bay project were completed, a similar series of 
samples were taken in the vicinity of Whites Point using funds 
provided by the Los Angeles County Sanitation Districts for 
the trip. The data from this trip is included in this report 
with their permission. 

a Table IV summarizes certain aspects of the data obtained 
and Figures 10, 11, and 12 map the extent and intensity of the 
bottom coliform fields found in the three areas. It can be seen 
that the coliform fieids around the Orange County and Whites 
Poing outfalls, where unchlorinated effluent is constantly dis- 


charged, occupy an extensive area and contain large numbers of 
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Coliform Bacteria in Bottom Sediments 


Location 
Orange County 
Santa Monica Bay 


Whites Point 


Number 
of samples 


100 
109 
106 


Number 
positive 


83 
9 
72 


Range of MPN/cm2 
nil to 25,000 
nil to 250 


nil to 92,000 
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Figure 10. Bottom coliform field in the vicinity of the 
Whites Point sewer outfall. 
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Figure 11. Bottom coliform field in the vicinity of the 
Orange County sewer outfall. 
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Figure 12, Bottom coliform field in the vicinity of the 
Hyperion sewer outfall. 
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coliforms. In the vicinity of the Orange County outfall the 
highest counts were observed down coast from the outfall and 
extended to the beach. One sample, taken at the water line 
about 3,000 feet down coast from the outfall position, had a-- 
MPN of over 5,000/cm*. It should be mentioned that this sample, 
as well as other high count samples, appeared to consist of clean 
sand with no visible evidence of sluwige deposits. In qualitative 
terms, the distribution of coliforms in the sediments appears 
to follow the movement of the surface effluent field on the days 
of our trips to Orange County. 

The distribution of coliforms in the sediments around 
Whites Point differed somewhat from that observed at Orange 
County although an equally large, if mot more extensive, field 
existed. The highest concentration of coliforms followed a line 
travelling up coast from the outfall parallei to the shore and 
rounding Point Vicente, and down coast and seaward past Point 
Fermin, The data also showed coliforms off the entrance to the 
harbor which could have come from the outfall discharging inside 
of the breakwater. Contrary to what was found around Orange 
County, however, the waterline samples, with two exceptions for 
the stations directly behind the outfall, were negative. The 
distribution of coliforms in this area generally coincided with 
the distribution of three other markers of high organic matter 
content undoubtedly of outfall origins the distribution of black 
sediments; the distribution of HS in the sediments; and the 


distribution of Chaetopterus variopedatus (Figure 13). 
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Figure 13, The distribution of black sediment, hydrogen 
sulfide, and Chaetopterus variopedatus in the 
vicinity of the Whites Point sewer outfall. 
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In addition to coliform determinations, samples were used 
to enumerate enterococci by the molecular filter technique 
(these determinations were made by personnel from the laboratory 
of the Los Angeles County Sanitation Districts, who were present 
aboard the VELERO IV). The data obtained is contoured in the 
same fashion as the coliform data (Fig. 14). A comparison of 
the two sets of contours shows that there is a reasonable 
similarity between them down coast from the outfall where an 
area of relatively high counts of both types of organisms 
extend past Point Fermin, In the uwpcoast direction, correlation 
is not as good. A series of apparently isolated highs of entero- 
cocci were found whose course is along the continuous tongue of 
high- coliforms found in this area. Whereas the coliform contours 
strongly suggest the outfall as the source of all the coliforms 
in the area (excluding perhaps the high pocket just offshore 
from the Oceanarium and the pocket off the entrance to the harbor), 
the discontinuous nature of the enterococci distribution might 
suggest multiple sources of these organisms. 

When the coliform coumt is plotted against the enterococci 
count, the most apparent relation is that the majority of the 
Samples (excluding those where both counts were nil) have coli- 
form counts ten or more times the enterococci counts. There is 
no constant ratio between the numbers of the two types of organ- 
isms, nor is there any obvious trend of either increasing or 
decreasing ratio with distance from the outfall. It has been 
suggested that a comparison of coliform and enterococci counts 
might provide a basis for distinguishing between fecai and non- 


fecal coliforms or between coliforms of recent or older origin. 
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The distribution of enterococci in the 
vicinity of the Whites Point sewer outfall. 
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In contrast to what was found in the other two locations, 
only a few of the sediment samples collected in Santa Monica 
Bay showed the presence of coliforms, and in these samples the 
numbers were low. This is what one would expect considering 
that essentially all the effluent discharged in the area is 
chlorinated. However, a comparison of Figure 11 with Figure 15 
of the May 1 report shows that in areas where positive samples 
had been obtained previously, negative ones were found on the 
last survey. The only reasonable explanation for this situation 
is that the coliform fieid in this area is either transitory 
timewise because of only sporadic discharge of large coliform 
populations, or else is very unevenly distributed. 

In examining the samples taken from the Santa Monica Bay 
area on the last survey trip, it was found that a large number 
of positive lactose broth tubes failed to confirm on EMB agar. 
An effort was made to determine the cause of these "false posi- 
tive" tubes. Although the work could not be completed because 
of lack of time, it was found that at least part of these faise 
positives were due to lactose fermenting aerobic and anaerobic 
spore formers. More important, it was found that a high per cent 
of the positive lactose tubes that did not confirm on EMB gave 
positive results when transferred to brilliant green bile broth. 
Further examination showed that these positive brilliant green 
tubes did not contain coliforms. Although these findings do 
not bear directly on the question at hand, they certainly indi- 
cate that the use of brilliant green bile medium for confirmation 
test should not be considered in any project dealing with marine 


sediments. 
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Discussion 


The presence of extensive coliform fields around the two 
outfalls where unchlorinated effluent is now being discharged 
makes it appear certain that a similar field will be built up 
around the proposed new effluent line in Santa Monica Bay. 

Considering current directions and the volume of solids to be 
| discharged, there is every reason to believe that the coliform 
field will eventually reach the beach zone as it apparently has 
around the Orange County outfall. The expected occurrence of 
such a field raises several important problems that will be 
discussed in turn. 

Since there are at present no specifications relating 
directly to the coliform content of the sediments per se, the 
question of compliance or non-compliance with State Standards 
arises only indirectly. In attempting to explain the occurrence 
of high beach counts in the vicinity of the Orange County out- 
fall in spite of the rapid disappearance rate for coliforms 
measured in that area, one possibility proposed was that the 
high counts might be related to the disturbance of the bottom 
coliform fieid during periods of strong wave action (see May 1 
report). This proposal was put forth before the full extent 
of the coliform field in the sediments around this outfall was 
known and the subsequent finding of relatively high counts even 
at the water line certainly made the idea more plausible. If 
one accepts the conclusion that a similar field wiil be bwilt 
up around the proposed Hyperion outfall, then the possibility 
that bottom coliforms might contribute to the beach counts must 


be considered for the Santa Monica Bay area also. Actually there 
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is no direct evidence available in favor of this hypothesis, and 
at least one instance is known where this situation might have 
been expected to occur and did not. During the past few months 
there were at least two occurrences of high counts all along 

the Orange County beach during periods when wave action was not 
intense, and one occurrence of a high surf from the south for 
two successive days without any surge in beach counts. All one 
can conclude from these limited experiences is that aithough the 
possibility exists, the likelihood is uncertain. 

Aithough at the present there are no specifications in 
regards to the coliform content of the sediments, it could be 
argued that some of the beneficial uses protected in Area 2 and 
Area 3 might be impaired by their presence on the bottom. This 
would be especially true if there were indications that the 
presence of coliforms in the sediments could have a public 
health significance, It can be argued that if coliforms are 
present, then pathogens might equally well be present, and could 
be carried into the water under proper conditions of turbulence. 
The only countering arguments would be that coliforms survive 
longer in the sediments than pathogens, and the latter have not 
been detected in marine sediments. Unfortunately, the arguments 
either way are without substantial experimental foundation at 
the moment. Both the water and sediment data indicate the 
possibility of a much longer persistence of coliforms in the 
marine environment than most investigators previously suspected. 
However, the question as to exactly how long they can survive 
or whether they can even multiply (especially in the mud) remains 


unanswered. As far as pathogens are concerned, the author knows 
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of only one attempt to recover them from the sediments off our 
coasts, and that was the work cited in the May 1 report in which 
examination of 70 sediment samples from Santa Monica Bay for 
enteric pathogens proved negative. Certainly, considering the 
importance of the question this is not an adequate sampling, 
since from what is now known one would choose either the Whites 
Point or the Orange County areas for such a survey. 

It is not the intention of the author to attempt to anti- 
cipate any action on the part of the Water Pollution Control 
Board which might result in the establishment of coliform 
standards for the sediments. In terminating this discussion, 
however, I would like to express two opinions; first, there is 
at the moment insufficient evidence pro or con to decide whether 
such standards are necessary; second, that every effort should 
be made to obtain the information necessary for a considered 


decision. 


Summary 


It has been shown that an extensive coliform field exists 
in the sediments around the Orange County and Whites Point out- 
falls where unchlorinated effluent is being discharged constantly. 
Although coliforms have been found around the present Hyperion 
outfall, it is believed that their occurrence is either tran- 
sitory or else that they are unevenly distributed. It is pre= 
dicted that a similar coliform field would build up around the 
proposed new outfall and ultimately extend to the shore. 

The possibility that coliforms in the inshore sediments could 


contribute to the beach counts in the water during periods of 
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heavy wave action exists. However, from the available evidence 
this occurrence appears remote. 

The question as to whether the presence of coliforms in the 
sediments has a public health significance has been briefly 
discussed, It is the author's opinion that our current infor- 
mation is too fragmentary to allow a reasonable answer to this 


question. 
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THE FATE OF COLIFORM BACTERIA IN THE VICINITY 
OF THE ORANGE COUNTY, LOS ANGELES COUNTY, 
AND HYPERION SEWER OUTFALLS 
An Interim Report 


INTRODUCTION 


During the early stages of an oceanographic survey of Santa 
Monica Bay it was noted that ocean current velocities over the 
central part of the continental shelf were low and variable. 
Velocities rarely exceeded 0.35 knot and the average was 0.2 
knot. The direction of flow was also quite variable for periods 
of time greater than 2 hours, so that the net water motion was 
approximately 0.1 knot. The dominant direction of flow extending 
over periods of several days was generally shoreward with digres- 
sions due to winds, tides, and local man-made phenomena, 

The slow transport of water over the central part of the 
shelf required modification of the philosophy of sewage discharge 
into the bay. It had been considered that if the outlet were 
placed five miles from the nearest shore and if mechanical dif- 
fusion of the effluent would producs an initial dilution of 1/1000, 
then the initial bacterial population would be low enough to allow 
health standards to be met if sewage reached the surf zone. How- 
ever, because of the low volumes of sea water passing the pro- 
posed discharge site, an initial dilution greater than 1/100 
should seldom occur regardless of the efficiency of mechanical 
diffusion. 

It was necessary, therefore, to determine with a reasonable 
degree of accuracy the rate at which coliform bacteria dis- 


appeared from sea water after their introduction with the 
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unchlorinated sewage. It was recognized that the disappearance 
would be due to several factors and that dilution, mortality, 
and sedimentation were probably the most important, Dilution 
could be measured to roughly one part in 400 by chlorinity deter- 
minations, but experiments were not designed to distinguish be- 
tween other causes of disappearance. 

Twelve cruises were conducted between September 1955 and 
February 1956. Of the cruises, ten were to determine the distri- 
bution of coliforms in time and space and two were to reinves- 
tigate the bottom coliform field in Santa Monica Bay. 

The sea around the Orange County outfall was chosen as the 
principal area of investigation because the discharge was primary 
unchlorinated effluent and the oceanography was similar to that 
in the shallow areas of Santa Monica Bay. The waters surrounding 
the Los Angeles County outfall at Whites Point were investigated 
to check results obtained at Orange County and to note the distri- 
bution of coliforms as affected by a deeper point of discharge 
and better mechanical diffusion. In both areas, the occurrence 
of bottom coliforms was determined, but the extent of the fields 
was not investigated. 

Although the volume of sewage discharging from each of the 
outfalls differs, it was believed that the processes relating 
to the disappearance of the bacteria from the waters would be 
the same. The results have shown this to be more or less true. 
However, the rates of disappearance were different around the 
three outfalls and from the data obtained during a cooperative 
cruise with the Los Angeles Sanitation District at the Hyperion 


outfall, it seems possible that the physical and chemical dif- 


8 
ferences between the effluents might be a considerable factor of 


importance, 

Two parameters that would probably affect coliform dis- 
appearance are analyzed by the sanitation districts with enough 
frequency to give satisfactory averages, These are suspended 


solids and chlorinity. The averages for the three outfalls are 


as follows: 


Average 
daily flow - mgd 25 


Average 


Suspended solids 115 
ppm 


Average 
chlorinity 


0/00 2.5 0.25 


BOTTOM SEDIMENTS IN THE OUTFALL AREAS 
Whites Point 

The sea floor of the continental shelf off Whites Point is 
an area of accumulation of land-derived sandy silts. The color 
of the sediment ranges from dark olive-green to black, the latter 
color being the result of a high sludge content in the sediment. 
Bottom material with a high sludge content releases a strong odor 
of hydrogen sulfide, an indication of oxygen deficiency (Table 1). 
All material in the sampling area, which covered 1.5 square miles 
around the outfall, contained varying quantities of the particulate 
sewage debris, but there is no apparent pattern that would be 


indicative of different rates of sludge sedimentation. 
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There is little lateral variation in the type of sediment in 
this area, for the range in median diameters of all samples was 
0.029 mm to 0.081 mm, the average being 0.051 mm. Grains of silt 
size are the most abundant, representing 50% of each sample. 
Sand size material constitutes 40% and clay size fragments 10% of 
the bottom material. The sediment is well sorted having an average 
Trask sorting coefficient of 2.21. The abundant quartz and feldspar 
grains in the sand fraction are angular. The range in the calcium 
carbonate content, derived from shells and shell fragments, is low 
with an average of 11%. 

From the data and an examination of the bottom sediments it 
is believed that this is an area of reasonably rapid deposition 
of detrital material, probably derived mainly from the adjacent 
sea cliffs. The inclusion of sludge in the deposits results in 
a dark color, a deficiency of oxygen in some of the sediments, and 
a likely overall reduction in the average grain size due to the 


fine nature of the particulate sludge debris. 


Orange County 


The sea floor in the vicinity of the Orange County ocean 
outfall is an area where sand accumulates nearshore and grades 
to silty sand offshore. The color of the sediment ranges from 
a light gray to almost black, and nearly all samples contain small 
blobs or streaks of sludge. The darker sediments, indicating a 
high sludge content, are generally farther from shore, although 
the bottom material south of the outfall also has fairly high 
quantities of this organic debris. Even though material of 


sewage origin is obvious in the sediments, no samples gave more 
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7 
than a slight hint of hydrogen sulfide odor; thus, the sediments 
are not deficient in oxygen. 

The bottom sediments here are much better sorted and coarser 
grained than those near Whites Point (Table 2). The range in 
median diameters is from 0.072 mm to 0.187 mm, with the higher 
medians occurring in the material closer to shore. The sorting 
coefficient averages 1.26, indicating the sediment to be very 
well sorted, approaching that expected in sands of the nearby 
beaches. This is not unusual, of course, because the source of 
the offshore sands is the adjacent beach, with a minor amount of 
material being contributed by the Santa Ana River during storms. 

The sands are relatively clean, with silt and clay grains 
constituting only 25% of the average sample, Grains in the sand 
fraction are angular and are comprised almost solely of quartz 
and feldspar, with quartz making up more than 50% of each sample. 
The calcium carbonate content, derived from shells and shell 
fragments, is especially low, averaging only 3% of the sediment. 

Sedimentation of beach-derived material is fairly rapid in 
this area and overshadows the addition of other materials, 
including sludge, by a great percentage. The only noticeable 
effect of the sewage discharge is a discoloration of the bottom 


material in an offshore and southerly direction. 


Santa Monica Bay 
Although a general description of the bottom sediments in 
Santa Monica Bay was given in the First Quarterly Progress Report, 
it is well to review the sediment distribution to relate it with 
the discussion of coliform bacteria in the bottom sediments in 


this report. 
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The floor of Santa Monica Bay is composed of six bottom 
material types: rock, gravel, sand, silty sand, sandy silt, and 
silt. The extent of rock outcrops was determined with a rock 
dredge which in many lowerings broke off fragments of rock, 

Pieces of siliceous and non siliceous shale were most frequently 
recovered, but one large fragment of schist representing a 
portion of a breccia was also recovered. Bathymetric data 
indicate that the rock outcrops rise as irregular and scattered 
mounds. The gravel surrounding the outcrops consists chiefly of 
coarse sand, well-rounded granules, and pebbles of granite, shale, 
chert, quartzite, schist, and gneiss. The gravel is relic 
material formed at a lower stand of sea level during the Pleis- 
tocene epoch. 

The overall pattern of the bottom material consists of a 
normal decrease of particle size away from the coast, modified 
by the areas of relic gravel and rock and fine grained material 
in a nearshore portion of Redondo Canyon. Silt-sized grains are 
most abundant in deep water areas of the bay where wave and 
current action are slight. 

The bottom sediments are generally olive-gray color; however, 
this may vary according to the amount of organic material present. 
The offshore sand, composed largely of shell fragments, is light 
olive-gray and is probably being deposited at the present time. 
Nearshore is detrital sand brought to the bay by streams from 
the north during the winter and spring. This sand has a more 
yellow or reddish color than that found offshore. 

The average median diameter of the sediments in Santa Monica 


Bay is 0.116 mm and the range is from 0.005 to 1.05 mm. A plot 
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of median diameters roughly approximates the bottom material 
chart in showing a general size decrease away from the shore, 
There are exceptions in both the central area of rock and gravel 
and the southern area of organic sand where the diameters are 
large, and the Redondo Canyon area where: they are small. The 
sediments throughout the entire bay are mostly well-sorted, 
having an average sorting coefficient of 2.02, although in the 
canyons and the rock and gravel areas the sorting is relatively 
poor. Exceptionally good sorting occurs in the nearshore zone 
where winnowing action by waves carries away the finer particles, 
and in the nearshore areas where relic sands occur. 

The organic carbon content of the sediment ranges from 0.13% 
to 2.76%, with an average value of 0.90%. The sediment immediately 
offshore, with the exception of the fine material in Redondo Canyon, 
has an organic carbon content of less than 0.50%, Exceptions to 
the general offshore increase in organic content occur in the rock 
and gravel areas where the values are similar to those of the 
nearshore sediments. The highest values occur in Redondo Canyon 
and below the shelfbreak. Thus, there is a progressive increase 
of organic carbon with depth. This may be a result of less 
agitation of the particles in the water or of greater deposition 
of organic matter with finer than with coarser sediments, It 
is interesting to note that there is no particular increase in 


organic carbon content in the vicinity of the sewer outfall. 


OCEANOGRAPHY NEAR THE OUTFALL AREAS 
Salinity 
Orange County 
From October 22, 1955 to December 20, 1955, the normal salinity 


of the main body of the shelf water was 33.45 o/oo (Table 3). The 
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TABLE 3 
AVERAGE TEMPERATURES AND SALINITIES AT VARIOUS DEPTHS 


ORANGE COUNTY OUTFALL AND VICINITY 


Dates October 22, 1955 


Temp. Spread Ave. Sal. o/oo 


Top — Bottom 


Depth Ave. Temp. OF 


Feet 


oooeo= 


November 4, 1955 


Date: November 18,1956 


0 61.0 33).35 
15 60.2 33.46 
30 5907 33.50 
45 58.6 2h 33.49 


Dates December 19 - 20, 1955 


The following figures indicate the overall averages of all samples 
at each of the depth levels, both with and without the inclusion 


of the stations in the boil on each cruise. 


7 Total Number of Samples 
Average Sal. o/oo 


Average Sal. o/oo 
excluding boil stations 


15 33.50 
30 33.50 
45 33.50 
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13 
salinity in the surface layers varied widely, of course, as the 
result of dilution by discharge from the outfall, Following the 
initial dilution, later mixing occurred between effluent and diluted 
sea water, so that the effects of natural processes were over- 
shadowed by the man-made contribution. An examination of the 
tables indicates that salinity conditions around the Orange 


County outfall were relatively simple during this period. 


Hyperion 

On January 12 and 13, 1956, the salinity of the water around 
the Hyperion outfall was similar to the noted conditions at 
Orange County. A surface diluted layer surrounded the boil and 
a water mass with a uniform salinity formed the bottom layer 
(Table 4). In addition to data from these two days, oceanographic 
observations near the outfall taken during routine cruises in 
Santa Monica Bay show that near Orange County the salinity 


characteristics are relatively simple and of similar origin. 


Whites Point 
Data gathered from October 21, 1955 to February 12, 1956 show 
that salinity conditions in the Whites Point area were more complex 
than at either Orange County or around the Hyperion outfall (Table 5). 
The salinity below approximately 75 feet was fairly uniform 
with a range from about 33.4 0/oo to 33.5 o/oo. The surface 
layers, on the other hand, varied widely in response to changes 
in the adjacent land runoff and to differences in the water masses 
entering the area. Even so, most of the salinity measurements 
through the entire water column were within the range of 33.4 o/oo 


to 33.5 ofoo. Thus, the normal salinity of the water compares 
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TABLE 4 
AVERAGE TEMPERATURES AND SALINITIES AT VARIOUS DEPTHS 


HYPERION OUTFALL AND VICINITY 


Date: January 12 - 13, 1956, Hyperion Outfall Area 


Depth 
Feet 


Ave. Temp. °F Temp. Spread 


Top - Bottom 


Ave. Sal. o/oo 


Date: January 19 - 20, 1956, Santa Monica Bay Area 


O 55.2 33.51 
20 544 33.49 
40 =S55 33.49 
60 52.8 33.49 
80-100 52.9 33.52 


120-250 ble 325° 33.60 
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Date Depth 
Feet 


10/21/55 ) 


11/3/55 fo) 


11/17/55 ) 


2/2/56 0) 


2/3/56 0 


TABLE 5 


AVERAGE SALINITIES VERSUS DEPTH 


WHITES POINT AREA 


Ave. Sal, 
0/00 


High 
0/00 


Composite salinity average equals 


Modal salinity equals 


Number 


10 
10 
10 


NOH ND \O 0.0 \O 


peep BEBE 


33.31 o/foo 
33.42 o/oo 


15) 


Probable normal surface layer salinity equals 33.4 - 33.5 o/oo 
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favorably with that in Santa Monica Bay and along the Orange 
County coast, indicating that the shelf water mass is more or 
less the same for the entire coast of the Los Angeles Basin. 

Salinity changes in the surface layers are probably due 
mainly to natural causes, although some effect of dilution must 
occur from the effluent discharge. Because of better mechanical 
diffusors on the Whites Point outfall than at Orange County or 
Hyperion, dilution of the sea water is noticeable only in the 
immediate area of the boil, and not at distances noted in the 
other areas. 

The principal reasons for the variations in the water 
characteristics near Whites Point are (1) the presence of the 
adjacent Palos Verdes Hills, and (2) the narrow continental 
shelf. During the rainy season the hills are a source of run- 
off which dilutes the nearshore surface water layers. The marked 
relief and steep slopes promote rapid delivery of rainfall by 
surface drainage and groundwater percolation. In comparison, 
the broad flat plains bordering the other outfalls act as 
reservoirs, tending to absorb the rainfall, or restricting the 
runoff to local channels, 

The narrow shelf allows the offshore currents to come relati- 
vely close to shore and introduce different water masses to the 
outfall area. Such an action does not occur over the broad shelves 
in Santa Monica Bay and along the Orange County coast. This would 
indicate that salinity variations would more naturally occur near 
Whites Point, whereas conditions around the other outfalls should 
be more stable because of the minor movements of in situ water 


masses, 
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Temperature Characteristics 
Orange County Outfall Area 

The temperature distribution immediately around the outfall 
terminus is complex, as in other discharge areas, with temperature 
inversions and rapid vertical and horizontal changes in temperature 
being common. Away from the boil, inversions and temperature 
fluctuations merge into isothermal water which is characteristic 
for this period of the year (Table 3). 

In the early months of the fall, a marked thermocline was 
present near the base of the water column, beginning at a depth 
of about 35 feet and intersecting the bottom. With the approach 
of winter the thermocline dissipated and from December through 
February the water was nearly isothermal to a depth of 50 feet. 
When the thermocline was present it separated the warm mixed 
surface layer from a thin wedge of cooler subsurface water, The 
boundary was usually complex being composed of several small 
thermoclines, These probably represented incomplete mixing of 
several discrete water layers, either from the effects of the 
effluent or from surface mixing of different magnitudes in the 
shallow shelf water. Shear between the two layers probably added 
to the complexity to varying extents. 

The thermocline was most important in its effect on the 
turbid layer of water developed by the discharged particulate 
material. When the thermocline was marked and represented a 
density of discontinuity of some magnitude, the turbid water 
flowed above the thermocline and carried with it high bacteria 


populations, With the suppression of the thermocline in the 
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winter months, there was no particular turbid layer, the material 


settling to the bottom within a short distance of the outfall. 


Whites Point Outfall Area 

Temperature distributions in the immediate waters surrounding 
the Whites Point boil are typical except that the greater diffusion 
of the effluent prevents the development of the sharp temperature 
inversions noted at Orange County and Hyperion. The inversions 
in these waters are spread through a thicker layer of water and 
the temperature ranges are smaller. 

The surface water layer was usually separated from the sub- 
surface water by a marked thermocline which was complex in structure. 
Turbid layers derived from the sewage discharge were closely associ- 
ated with the thermocline, but in this area generally below rather 
than above. As in the other areas, the surface water temperature 
approaches that of the subsurface water in the winter, eliminating 
the thermocline and consequently, any discrete intermediate turbid 


layer (Table 6). 


Hyperion Outfall Area 
Thermograms from the Hyperion outfall area show similar 


features to those from the Orange County coastal waters, Temper=- 
ature inversions are even more striking and extend for greater 
distances, in some instances being marked as far as three miles 

from the outfall. Thermoclines were also complex showing the 
incomplete mixing of several distinct water masses in the diluted 
zone, Temperature conditions in this water area differ significantly 
from those near the Orange County outfall. In the latter waters, 


surface heating in the winter is minor causing the temperature of 
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TABLE 6 


WATER TEMPERATURES IN THE WHITES POINT AREA 


October 21, 1955 


Ave. Temp. °F. High Temp. Low Temp. |Temp. Spread 
Top - Bottom 
60.2 60.7 So t/ 
B55) 59.8 59.0 
52el 52.9 LoS} Spal 


November 3, 1955 


61 ea! 
60.6 
58.7 
5h ok 


November 17,1955 
60.0 
B08) 
60.1 


SoS) 
54,.8 


February 2, 1956 


Feb 3, 1956 


Crit 
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2.6° 
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the shelf water column to approach isothermal conditions. However, 
in the Hyperion area the surface water is warmed not only by solar 
radiation, but also by the large heat contribution from the man- 
made sources on shore. Thus, the warmer surface layer tends to 
remain separated from the normal subsurface layer by a moderate 

to slight gradient or thermocline. Away from the shore and from 
the warm-water wedge of artificial origin this minor thermocline 


becomes less marked and finally disappears. 


Summary 

At none of the outfalls does the thermocline or thermal 
gradient materially affect the initial rising turbulent effluent 
column. The degree of mixing of the various columns is marked 
thermally in all of the areas by inversions and complex temperature 
gradients. The Whites Point area has weaker temperature gradients 
due to the better mixing of the effluent with the sea water. 

After the initial rise of the effluent column the formation 
of surface zones of high nutrients and dilution is common to all 
outfalls, except at Whites Point where the salinity change is 
slight. At the same time a turbid lower layer forms as the 
result of sedimentation from the effluent colum. The presence 
of thermal boundaries in the water of sufficient density difference 
may cause the turbid layer to lie above them. The suppression of 
these thermal boundaries in the winter months is followed by a 
marked decline of the turbid layer at higher levels in the water 


column. 


WATER MOTION IN SANTA MONICA BAY 
From the data presently available, a generalized description 


of water motion in Santa Monica Bay can be developed. Ocean 
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current measurements show that the direction and velocity of flow 
is highly variable. Current velocities range from 0.1 to 0.4 knot, 
with about 80% of measurements from all methods being about 0.2 knot. 
Under some conditions surface velocities may reach a maximum of 0,8 
knot. These show a predominant direction between east and south at 
points near the center of the bay. 

On share in the southern part of Santa Monica Bay are two 
steam plants, which discharge sea water having a temperature of 
approximately 80° F, The sewage from the Hyperion Treatment Plant 
in El Segundo also enters the sea at a temperature of approxi- 
mately oe F, The sewage, coupled with the high temperature water 
from the steam plants, forms a wedge of warm low density water in 
this nearshore area. It is probably that the density surface 
generated by this artificially warmed water is sufficient to pro- 
duce a current flowing in a northerly direction at velocities up 
to, and in some instances exceeding, 0.4 knot. The velocity and 
direction of flow changes in the vicinity of Playa del Rey, where 
afternoon westerly winds may force the flow shoreward between 
Playa del Rey and Venice. Under no-wind conditions a flow with 
a much decreased velocity may continue past Santa Monica terminating 
in the waters off Malibu. 

The general surface water motion is controlled by the dominant 
southwest and westerly winds. The wind driven water is directed 
shoreward in the central part of the bay and then upon reaching 
the nearshore zone diverges to the north and to the south. The 
northerly component when associated with the man-made current 
frequently causes the sewage to flow through offshore waters as 


far north as Malibu Point. The southerly component is much less 
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dominant and frequently forms layers of warm water 10 to 30 feet 
thick nearshore in the vicinity of Redondo Beach. 

Gentle upwelling along the Malibu coast causes a mild south- 
easterly directed current which may intersect the northerly flow 
of the man-made current off Venice. This action on occasion 
diverts the northerly flowing sewage field in an offshore direction. 
The diverted flow is mild, not dominant, and does not occur on all 
occasions (Figure 1). 

Frontal storms which enter the southern California area from 
the northwest result in a southeasterly flow of water over the 
entire shelf area. These storm conditions completely eliminate 
the effects of the nearshore wedge of warm water, The changes 
in water motion caused by storm action are infrequent and last 
only 2 to 4 days. Thus, the dominant northerly flow of water in 
a nearshore zone between Redondo Beach and Playa del Rey disappears 
for only short periods of time. 

Because the normal wind and ocean current velocities in Santa 
Monica Bay are generally low throughout the entire year, the sewage 
field from the Hyperion Treatment Plant spreads 2 to 3 miles at 
sea in its northerly flow pattern. However, most of the sewage 
remains in the nearshore zone where water depths are from 50 to 
80 feet. Agitation of the water is normally enough to suspend 
most of the particulate matter for long periods of time so that 
it is carried for distances as great as 5 miles. Therefore, with 
the exception of large dense particles which fall to the sea floor 
within a few thousand feet of the outfall, deposition of particulate 


material is extremely slow. 
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Figure 1 


Generalized circulation in Santa Monica Bay. 
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COLIFORM BACTERIA DISTRIBUTION 


Field Procedures 


Dye Patch Experiments 
Dye patch experiments were used to obtain a direct measure 


of the rate of disappearance of coliform organisms in the sewage 
fields. Approximately one pound of fluorescein dissolved in about 
a gallon of sea water was introduced into the sewage field at the 
edge of the "boil" above the outfall being investigated. After 
allowing a few minutes for the dye to become distributed, the zero 
time sample was taken from within the dyed area. The dyed patch 
was then followed for three to six hours and samples were removed 
at intervals, These samples were analyzed for their chlorinity and 
coliform content. 

The dye patches behaved differently during various experiments. 
In some instances the dyed area remained compact and of limited 
extent; in others, the dye spread out over a large area, usually 
in ribbon-like form. The dye was renewed as required to enable 
continuous observation of that part of the sewage field originally 
marked, In some instances this required about one pound of dye per 
hour, in others only the initial pound was required for the four 
to six hour pericd. When samples were removed or dye added an 
effort was made to pick the most concentrated area of the dye 
patch. On two occasions colorimetric determinations on samples 
removed from the dye patches were compared against a standard 
curve set up with measured amounts of fluorescein, and the 
results indicated that the concentration of dye in the patch did 


not exceed one part in 10,000. 
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In some experiments, two independent samples were taken 
from the same patch and analyzed simultaneously; in others, 
only a single sample was used. When duplicate samples were 
used, results agreed very closely. All samples were taken with 
sterile wide mouth bottles, the water being dipped from the sea 
surface, Immediately after the samples were obtained, the appro- 
priate dilutions were prepared and the lactose broth tubes for 
the presumptive test were inoculated. The tubes were placed in 


the incubator within three hours after inoculation. 


Surface and Subsurface Sampling 


The areal distribution of coliforms was examined by taking 
samples throughout the water column in various patterns around 
the outfalls, The program of sampling varied with the trip and 
the location of the outfall. Im some instances, surface and sub- 
surface samples were collected along the approximate line of sewage 
flow as determined by the movement of the dye patch. At other 
times, samples were taken along lines parallel to the coast on 
both sides of the outfalls, along two lines perpendicular to each 
other, and along lines repeated morning and afternoon. 

Surface samples only were collected along a large triangular 
course in the vicinity of the Orange County outfall. Surface 
samples were also collected in a close grid pattern covering small 
areas in the vicinities of the Whites Point and Hyperion outfalls. 
In all of these instances, collections were made while the ship 
was underway and the areas involved were covered in short periods 
of time. 

The vertical sampling series consisted of a surface sample 


plus two to four subsurface samples and, on some occasions, a 
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sediment sample. The surface samples were taken with sterile 
bottles as were the dye patch samples. The subsurface samples 
were collected with sterile bacteriological samplers (Fig. 2). 
Water for various chemical determinations was collected at most 
profile stations; the hydrological and bacteriological casts 
being interspersed. In all instances, the appropriate dilutions 
were prepared and the lactose tubes were inoculated and incubated 


within an hour of obtaining the water samples. 


Sediment Sampling 


Sediment samples were taken with either a corer or a snapper; 
the latter being used most frequently because the coarse texture 
of the sediments near the outfalls made coring difficult or 
impossible. Immediately after retrieving the sample, a measured 
portion was suspended fn sterile diluent and coliform counts 
were made on the resulting suspensions. An effort was made to 


sample only the surface layer of the sediment. 


Laboratory Procedures 

Determinations of Most Probable Numbers (MPN) of Coliforms 

Standard methods were followed in all details for the 
determination of MPN. Lactose broth and E.M.B. agar respectively 
were used as the presumptive and confirming media. In general, 
all positive presumptive tubes in the three highest dilutions 
showing positives were confirmed. All negative confirmed tests 
were completed. Six dilutions to 107? were prepared from almost 
all of the water samples examined and consequently most tests 


were determinate. Four dilutions, 1071 to 10-4, were used for 
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Figure 2 


Bacteriological water sampling device. 
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most sediment samples. Five lactose broth tubes were used for 
each dilution in the dye patch experients and two tubes per 


dilution were used for other types of samples. 


Identification of Coliforms 


For conclusive identification of coliforms, typical colonies 
were picked at random from positive confirmed plates and checked 
morphologically and biochemically by Gram-staining and by the 
Imvic tests. Several dozen colonies thus check proved to be 


species of either Escherichia or Aerobacter, 


Enteric Pathogens 

An effort was made on two occasions to isolate enteric 
pathogens from the sediments around the Hyperion outfall. 
About one gram of mud was introduced into tetrathionate broth 
and the cultures incubated at 37°C for 24 hours. These enrich- 
ment cultures were then streaked on S.S. agar plates. Suspicious 
colonies appearing on these plates were transferred to triple 
sugar iron medium. Tests’were not continued beyond this stage 


because all colonies examined proved negative for pathogens. 


Disappearance of Coliforms With Time (Dye Patch Experiments) 

A total of sixteen dye patch experiments were conducted; twelve 
at the Orange County outfall, three at Whites Point, and one at 
Hyperion. Of the sixteen experiments, thirteen showed a marked 
and usually consistent disappearance of coliforms with time. These 
will be discussed as a group. The three "atypical" experiments will 


be dealt. with separately. 
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Estimated "best fit" curves drawn through the arithmetic and 
geometric averages of the dye patch data collected at Orange County, 
plotted as the log of the most probably number of coliforms per ml 
against time are shown in Figure 3. The points fall surprisingly 
close to a straight line using either means of plotting, and the 
slopes of the lines are essentially the same, 

The other two curves on the graph are plots of individual 
dye patch experiments at Hyperion and Whites Point. The rate of 
decrease of coliforms was less than at Orange County in both cases, 
although the slope of the Hyperion curve is not greatly different. 
The Whites Point experiment differed from the others in two impor- 
tant ways, both of which may have contributed to the less rapid 
disappearance observed. First, the zero time count was lower by 
a magnitude or more than in the other dye patch experiments. Since 
this count was also lower than that of other samples taken in the 
Whites Point boil, it might not be representative of the dye patch 
and an initial sharp decrease may have been masked. Second, the 
dye patch was started at the edge of the inner boil and the patch 
of travel was such that it intersected "younger" sewage being 
released at the outer boil. This could mean that the dye patch 
was being mixed with water of higher coliform count which would 
explain the slower decline in coliform numbers. 

Of the three "atypical" sets of results, one was from an 
Orange County experiment in which the zero-time count was low and 
the chlorinity data showed little sewage present in the water. In 
this instance it can be concluded that the dye was introduced into 
an unrepresentative part of the boil and the results of this experi- 


ment should be eliminated. The other two atypical results were in 
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Figure 3 
Diagram indicating decrease in coliforms with time in connection 
with dye patch experiments at Orange County, Whites Point, and 


Hyperion outfalls. 
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experiments run on two succesive days at Whites Point. High coliform 
counts persisted for the full six hours in one instance, and for two 
hours in the other. The chlorinity data show that a high percentage 
of sewage was present in all samples and that the dilution usually 
noted in dye patch experiments did not occur. Further, field obser- 
vations showed that the dye patch, started at the inner boil, was 
reinforced with sewage from the outer boil during the experiment. 
Both of these observations suggested that conditions exist in which 
the expected decrease might not occur. Unfortunately, an accident 
occurred in which the plugs of all the presumptive tubes in these 
experiments were thoroughly wetted with polluted water and contam- 
ination of the lactose broth was possible. Consequently, no reliance 
can be placed on these data. 
From the data, one would predict a one to four magnitude 

isappearance of the surface coliform population in about six 
hours for the types of conditions and types of sewage represented 
in these experiments, Disappearance was most rapid at Orange 
County and least rapid at Whites Point with Hyperion intermediate. 
In terms of per cent reduction, with the boil population taken as 
100%, the values would be 99.98% for Orange County, 99.90% for 
Hyperion, and 90% for Whites Point. Using the coliform count of 
the efflvent being discharged as 100%, the per cent reduction for 
Orange County would be 99.9993%. Since the same type of picture 
was obtained repeatedly at Orange County, it is probable that the 
results are representative; the other curves being based on single 


experiments are only suggestive. 
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Effect of Dilution 


One of the factors responsible for the decrease in coliforms 
with time in the dye patch experiments is certainly the dilution 
of the sewage effluent with normal sea water. Since the chlorinity 
of the sewage is low as compared to that of sea water, and since 
the chlorinity determination is accurate to about four significant 
figures, it is possible to determine dilutions of sewage out to 
about one part in several hundred. Assuming that coliform bacteria 
act like a dissolved solute, one can calculate the expected coliform 
count from a knowledge of the chlorinity and coliform count of the 
sewage, the chlorinity of the sample, and the normal chlorinity of 
the sea water in the areas The latter value varies over a small 
range and this variation introduces uncertainties into the cal- 
culations, especially at the higher dilutions. The coliform content 
and chlorinity of the effluent vary widely. Consequently, the 
calculated dilutions are not precise. Nevertheless, they should 
indicate the magnitude of disappearance due to this factor. 

The calculated and observed coliforms in the zero time samples 
taken from the edge of the boil at Orange County are shown in Table 
7. The calculations are based on 25 samples of sewage collected 
on three separate days at the junction of the land and marine 
sections of the outfall, and on five dye patch experiments run 
on the corresponding days. There is a very close agreement between 
the average calculated MPN and the observed range of counts found 
in the zero time samples. This correspondence of results indicates 
that essentially all coliforms rise to the ocean surface at the 


point of discharge. 
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3 
TABLE 7 


CALCULATED VERSUS OBSERVED COLIFORM COUNTS IN ZERO-TIME 


SAMPLES BASED ON A NORMAL SEA WATER CHLORINITY OF 18.59% 


Effluent Sewage | Zero Time Samples 
CL o/oo 2.212] ).200 [1.190 {17.97 |18.11 17.90 


Coliforms/m1 1.3x10°13.5x10° |0.13x10 | ee 


Calculated % sewage 


wa Boe 
Calculated dilution 
sewage 


Calculated coli- 
forms/ml 


Observed coli- 


forms/m1 “! 


moat 


oxo 3. 5x10 1.8x10 


Sireretstaeay Siray Ath Lae 410. caiead Basa 


: ¥) aon \ ie, 8 i F % 
hee mio ete aR i PELE mend : ovens 
; 


LRRD Baebes rs beta 


r 
en ree 
4 PT 


petit t be dotalsroled | 


|S iioe bedaton 


ra 


fe aurr0} 


3h 


Similar computations were made on the basis of chlorinity 
determinations on dye patch samples taken subsequent to zero time. 
The data are presented in Figure }}. The upper line represents the 
average calculated counts and the lower line the average observed 
counts for all the Orange County data. It can be seen that the 
average observed counts at all times after zero time are con-=- 
siderably less than the calculated counts; differing by one 
magnitude at about two hours, and 24 magnitudes at six hours. 
These data show that other important factors besides dilution 
are contributing to coliform disappearance. 

Unfortunately, comparable information is not available for 
the initial coliform population and chlorinity of the Hyperion 
and Whites Point effluents. Data provided by the Hyperion and 
Whites Point personnel indicate an average chlorinity for these 
two effluents of about 0.26 and 1.0 o/oo respectively and our 
own data show an average normal chlorinity for the surface waters 
of these areas of about 18.55 o/oo. Using these values, a dilution 
of 1/17 was calculated for the boil sample in the successful 
Hyperion dye patch experiment. Initial dilutions of up to 1/0 
have been found for other samples taken from the Hyperion boil. 
As with the Orange County experiments, the observed counts at 
Hyperion were less than the calculated counts at all times after 
the zero point value and the difference at the end of six hours 
was of the order of two magnitudes (Fig. ). 

The initial dilution of the sewage in the zero time sample 
at Whites Point was higher than at the other two outfalls, being 
1/8. This might have been expected since the Whites Point out- 


fall is the only one of the three with a large diffuser. On 
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Figure ) 
Diagram showing MPN of coliforms in the vicinity of three 


outfalls calculated from dilution of sewage and observed in situ. 
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36 
other occasions, however, samples taken in the vicinity of the 
outfall showed initial dilutions as low as 1/33. It is probable 
that oceanographic conditions and sewage discharge rates vary 
sufficiently to produce marked fluctuations in the initial degree 
of mixing. The calculated counts followed the observed counts for 
the first two hours of the Whites Point experiment and then started 
to digress. The final difference was somewhat less than those at 
the other outfalls, amounting to only a magnitude (Fig. )). 

The three sets of data are thus qualitatively alike although 
quantitatively different. They show that the maximum effect of 
dilution on the coliform population occurs during the initial 
mixing of the effluent with sea water as it leaves the outfall, 


and any further reduction in MPN due to dilution is slow. 
Surface Distribution of Coliforms 


The surface sewage field around the Orange County outfall as 
determined by coliform detection is outlined in Figure 5. The 
picture is a composite based on zal the surface samples taken 
from the VELERO IV on the four trips to this area, plus a series 
of inshore samples collected by personnel of the County Sanitation 
District of Orange County on December 19 and 20, 1955. The shaded 
portion represents the area within which all positive samples of 
any magnitude are contained. The field drawn should not be con= 
sidered a static picture of the area of detectable sewage, but 
rather as a rough boundary beyond which coliforms should not 
usually be found. 

The same surface data, when plotted as the log of the coli- 


form count against distance from the outfall, independent of 
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Figure 5 
The horizontal distribution of the sewage field in the waters 


surrounding the Orange County sewer outfall on December 19 and 20, 


1955. 
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38 
direction, gives the "best fit" curve shown in Figure 6. This 
curve shows a decrease in coliforms to about ten per ml in a 
distance of 6,000 feet from the outfall. Of the 35 samples taken 
from the VELERO IV at greater distances from the point of sewage 
discharge, none gave counts of over 10 per ml. An inspection of 
Figure 3 shows that the average coliform counts in the dye patch 
experiments decreased to about 10 per ml in roughly six hours. 

If one assumes that the sewage field is moving at the rate of 

1,000 feet an hour (0.2 knot}, a value that roughly corresponds 

to the observed rate of movement of the dye patches, then there 

is a good correspondence between the dye patch data and the surface 
sample data. Plotting the dye patch data on the basis of this 
assumption gives a curve (Fig. 6) that is somewhat higher than 

the surface distribution curve. Since the surface distribution 
curve is based on some points that were probably not in the main 
sewage field, one would expect it to show a more rapid decrease 
than that found along the main direction of sewage flow as measured 
by the dye patches. 

No attempt was made to map the surface field arowd either 
the Whites Point or Hyperion outfalls, but surface samples were 
taken with the vertical profiles in these areas. The data show 
a decreased count with distance, although the results were more 
variable than at Orange County and the rate of decrease was not as 
rapid. Thus, counts greater than 2,000 per ml were found 9,000 
feet away from the Hyperion outfall and counts of greater than 
200 per ml were observed 12,000 feet from the Whites Point out- 
fall. In the area of the latter outfall, visible patches of 


greasy slicks were observed on the sea surface as much as four 
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Figure 6 
Coliform count versus distance from the outfall plotted with 
average coliform counts in dye patch experiments. Orange County 


sewer outfall, December 19 and 20, 1955. 
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or five miles from the outfall. These slicks apparently do not 

disperse nor break up rapidly and the occurrence of high comts 

at great distances from the point of sewage discharge may relate 
to their presence. 

That coliforms are not uniformly distributed in the surface 
waters even within the main sewage field is clearly seen from 
the results of three experiments in which surface samples were 
collected over a small area within the main sewage field. The 
first of these experiments was run at Whites Point were a grid 
of 23 samples covered a square about 1,000 feet on a side located 
roughly 1,000 feet up coast from the outer Whites Point boil. The 
position of the grid overlapped the path of travel of a dye patch 
started at the inner boil some five hours previously. The location 
of the grid is shown in Figure 7; the counts obtained on the grid 
samples are the basis of the contours also shown in Figure 7. 

From the extreme variation in the counts observed (Fig. 7 and 
Fig. 12), one might conclude that the boat was passing in and out 
of the sewage field during the collection of the samples. However, 
calculations based on the chlorinities of the samples showed that 
the per cent sewage varied only 2% fold, from 0.6% to 1.02%, making 
this argument invalid. From the per cent sewage and the MPN of 
the samples, the original of "100% sewage count™ can be calculated 
(Table 8). 

It can be seen that the highest "100% counts" are within the 
range of what might be expected for an unchlorinated primary 
effluent, suggesting that no mechanisms are at work that might 
tend to concentrate coliforms as compared to the liquid phase of 


sewagee On the other hand, the low "100% counts", and there are 
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Figure 7 
Location of Whites Point grid ad the distribution of surface 


coliforms within the grid. 
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CALCULATED "100% SEWAGE COUNTS" 


FROM WHITES POINT GRID SAMPLES (MPN/ML) 


Per Cent 


Sewage 


TABLE 8 


Observed 
Count 


1,300 
6,200 


2,300 


)2 


Calculated 
100% Count 
81 

96 

29900 
50,000 
900,000 
99,000 
1,100,000 
3,0 ,000 
73,000 

) ,000 
100 

600 

6,500 
31,000 
250,000 
150,000 
73,000 
9,000 

700 
250,000 
900,000 


100,000 
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many of them, are far below a reasonable value for a primary 
effluent. These low values show that coliforms disappear much 
faster than the liquid sewage phase and reinforce the conclusion 
from the dye patch experiments that factors other than dilution 
play a major role in coliform disappearance. 

The median count for the 23 samples is 73,000 per ml. If 
one accepts the maximum "100% counts" (1,000,000 per ml) as the 
average of the plant effluent, then one can conclude that about 
93% of the initial coliform population had disappeared for causes 
other than dilution in the time (or distance) of travel from the 
outfall to the area of the grid. On the other hand, one must 
also conclude that individual patches of sewage will show 
essentially no reduction in counts beyond dilution over the same 
path of travel. 

Two similar grids were run in the vicinity of the Hyperion 
outfall on March 8, 1956. The grids were located between two 
dye patches started almost simultaneously on opposite poles of 
the boil and were rectangular in shape, being about 1,000 by 
2,000 feet on the sides (Fig. 8}. The first was about 1.6 hours 
travel from the outfall, the second about ) hours (Fig. 9). Al- 
though the range of counts in these two grids was about as great as 
that observed at Whites Point (210/ml to 70,000/ml for grid one; 
62/m1 to greater than 70,000/ml for grid two), there was a much 
more uniform distribution of coliforms (Fig. 9). This is also 
shown in Figure 10 in which the per cent of the total samples 
giving a particular count is plotted against the log of the 
count. Almost 50% of the counts in the first grid were the 


same and a large share of the other values represent differences 
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Figure 8 


Locations of Hyperion grids on March 9, 1956. 
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Figure 9 
Surface coliform distribution on grids near Hyperion outfall 


on March 9, 19566 
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Figure 10 


Distribution of counts in grid samples. 
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of only a single positive tube in the presumptive tests. The 
results of the second grid were a little more variable than the 
first, but here also, over 60% of the counts were concentrated 
within a narrow range. 

There is no evidence of any significant loss of coliforms 
from the sewage field in the time elapsed between the two grid 
samplings near Hyperion. Actually the average MPN for the second 
grid, 11,500, was somewhat higher than the average for the first 
grid, 7,100; more significantly, the median values were 2,300 
for the first and ),300 for the second, and the geometric averages 
were 3,100 and 3,300 respectively. However, there was a considerable 
reduction in count between the samples taken in the boil and those 
from the grid 1.6 hours later. 

A comparison of the data from the two grids with that of 
the earlier dye patch experiment shows that similar couts were 
obtained at O and 2 hours, but that the counts continued to 
decrease in the dye patch whereas the grids showed no further 
decrease over the next two hours. Of the 50 four-hour grid 
samples run, five (10%) had MPN lower than the dye patch sample 
at corresponding time and 11 (22%) had just slightly higher MPN. 
Thus, the data from the dye patch experiment, although not neces- 
sarily reflecting the average behavior of the sewage field, was 


certainly typical of part of the sewage field. 
Subsurface Distribution of Coliforms 


Approximately 30 vertical stations were occupied during four 
trips to the Orange County area; 30 stations on two days at Whites 


Point and 20 on two days at Hyperion. Typical results are shown 
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in Figures ll, 12, and 13. Considering the vast volume of water 
being sampled in these series and the very small numbers of samples 
that could be taken, it is certain that the profiles presented can- 
not be considered as an exact representation of the subsurface 
distribution of coliforms. Nevertheless, certain features of the 
profiles appear repeatedly in the various series and suggest two 
general conclusions. 

The first of these is that the highest subsurface counts occur 
along the general lines of surface movement of the sewage field. 
For example, Figure 11 shows two profiles obtained on the morning 
and afternoon of the same day. In the morning, the surface sewage 
field was moving upcoast, while the direction was reversed in the 
afternoon. It can be seen that the subsurface MPN reflect this 
altered movement. The Whites Point profile of November 3 and the 
Hyperion profile of January 12 show the same effect; high subsurface 
counts in the direction of surface movement, and essentially zero 
counts in the opposite direction. Such a pattern could result in 
at least two ways; either by assuming a uniform direction of move- 
ment of the water at all levels with subsurface as well as surface 
sewage flow, or else by assuming all sewage rises and flows at the 
surface only and subsurface coliforms represent sedimentation from 
the surface field. 

The repeated occurrence of tongues of high coliform cout 
extending downward from the surface provide evidence for sedi- 
mentation as the major factor determining subsurface coliform 
distribution. Such a tongue is clearly seen in the profiles in 
Figure 11, 12, and less prominently in Figure 13. It is quite 


clear in Figure 1h, which presents an average of all the profile 
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Figure 11 
Typical bacteria and temperature profiles extending parallel 
to shore in the waters surrounding the Orange County sewer outfall 


on December 19 and 20, 1955. 
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Figure 12 
Bacteria profiles extending parallel to shore in the waters 
surrounding the Whites Point sewer outfall on November 3, 1955 


and February 12, 1956. 
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Figure 13 
Bacterial profile extending parallel to shore in the waters 


surrounding the Hyperion sewer outfall on January 12 and 13, 1956. 
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Figure 1) 
Vertical distribution of coliforms independent of direction 
in the waters surrounding the Orange County sewer outfall on 


December 19 and 20, 1955. 
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data from Orange County, in which the MPN are shown against distance 
and depth, but independent of direction. The tongues cannot represent 
a subsurface flow of sewage away from the outfall for several reasons. 
The most compelling of these is that the temperature and chlorinity 
of the water in the tongues are characteristic of the normal sea 
water in the area rather than being characteristic of the surface 
sewage-sea water mixtures that have similar coliform populations. 
Even if the profiles are greatly distorted because of insufficient 
data, the finding of even individual high subsurface counts in 
areas of normal chlorinity can only be explained by assuming that 
the liquid and solid phases of sewage move differently after being 
discharged into the ocean. The main, if not only, differential 
force acting on the two phases is that of gravity and the high 
subsurface counts are almost certainly due to sedimentation of 
particulate material. 

Although most of the profile results can be explained in this 
fashion, the results obtained on February 12 at Whites Point remains 
a mystery. On this occasion the pattern was confused with alternating 
highs and lows, with the highest count of all being found some 12,000 


feet up coast from the boil at a depth of 65 feet. 
Coliforms in Bottom Sediments 


In the First Quarterly Report, mention was made of the 
detection of coliform bacteria in the sediments over a large area 
surrounding the Hyperion outfall. At that time it was the authors! 
understanding that there had been no large scale introduction of 
coliforms into the area for a period of over a year, and the question 


arose as to whether the organisms found were indeed coliforms and 
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if so, whether they represented survivors of those introduced a 
considerable time ago. As a consequence, their occurrence in the 
Hyperion area was reinvestigated and exploratory work was done in 
the vicinity of the Whites Point and Orange County outfalls. 

Some 70 samples were collected in Santa Monica Bay covering 
essentially the same area previously investigated. The area in 
which positive samples were found in either the present or previous 
survey is outlined in Figure 15. In general, the extent of the 
field appeared about the same on both surveys and the numbers of 
coliforms found in the sediment samples were similar. All typical 
colonies picked from positive confirmed plates proved to be coli- 
forms by the Imvic test and morphological examination. All 
tetrathionate enrichment broths set up for the detection of enteric 
pathogens proved negative. 

The counts made on sediments collected in the vicinity of 
Whites Point and Orange County outfalls have been quite variable. 
Samples from essentially the same location have shown high counts 
on one occasion and low counts on another. In a series of four 
cores taken one after the other near the Whites Point outfall 
making every effort to sample the same location, surface counts 
of nil, 6, 23, and 23/gram wet weight were obtained. This range 
is not excessive and coincides with the range given by three 
separate samples taken from one of the same cores. On the other 
hand, two samples taken near the Orange County boil gave counts 
of nil on one occasion and of 10,000/gram on the other. 

The sampling procedures used for the sediments are now 
believed to be grossly inadequate for the following reasons. 


It can be assumed that the majority of the coliforms occur in a 
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Figure 15 
Distribution of coliform bacteria in the bottom sediments 


in the vicinity of the Hyperion outfall. 
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very thin layer or film at the sediment surface which should be 
fairly fluid and mobile. ‘When samples are taken with a snapper, 
it is probable that this layer is disturbed both during the actual 
collection and also by the washing received during retrieving the 
snapper through the water colum. When samples are taken with a 
corer, this surface layer usually remains intact until the core 

is removed from the barrel at which time considerable distortion 
can occur. In either case, when the sample is taken for analysis, 
variable proportions of the surface and subsurface layers are 
included and results will not be comparable nor will they express 
the maximum surface populations. For the future program dealing 
with this problem, a new type of sampler has been devised that 
captures the entire surface layer of a given area of sediment. 

If the total sample is then used for preparing the required 
dilutions, one would determine the coliforms per wnit surface 
area which is the key parameter in this problem. 

Because of the sampling difficulties, it is believed that 
the counts obtained in the various sediments are minimum counts 
and that much higher populations may occur in a thin surface 
layer. Whatever the quantitative difficulties inherent in the 
data, there is no doubt that the organisms detected are true 
coliforms of sewage origin and not peculiar marine bacteria that 
happen to give positive confirmed tests. Whether the detected 
coliforms have survived in the sediments for long periods of 
time or whether, alternatively, they are of recent deposition 
cannot be decided. There are certainly enough coliforms in the 
solids settling from the Whites Point and Orange County outfalls 


to account for the observed sediment population in those localitiese 
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The same is probably true around the Hyperion outfall since the 
data now available on the chlorinated effluent routinely discharged 
indicate large coliform populations may survive the chlorination. 
It is reassuring, however, that none of the 70 samples tested were 


at all suspicious of enteric pathogens. 


Fate of Coliforms 


Considering only the data presented so far, the interpretation 
of the results appears straightforward. It has been shown at all 
three outfalls that the effect of dilution on reducing the coliform 
count is very slow after the initial mixing of the effluent with 
sea water in the immediate vicinity of the outfalls. Initial 
dilutions of the sewage as low as one part in 35 at the surface 
have been calculated from chlorinity data at Whites Point where 
diffusers are used, and indications are that most of the sewage 
reaches the surface without appreciably greater mixing. It appears 
safe to conclude that a similar situation would exist at the 
proposed outfall, that the entire volume of water in the bay would 
not be available for mixing, and that dilution by itself would 
not reduce the coliform population to a point where State standards 
are met. 

It has been demonstrated that at all three outfalls, factors 
other than dilution cause a significant disappearance of coliforms 
from the surface waters. One of these factors has been clearly 
shown to be the process of sedimentation. It is our qualitative 
impression that no other factors beside dilution and sedimentation 
are of significance in the disappearance of coliforms over the 


initial six hour period after discharge of the effluent. Unfor- 
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tunately, because of the highly variable composition of the sewage 
effluents and the impossibility of analyzing a sufficient number 
of subsurface samples to give an exact quantitative picture, one 
cannot calculate whether the extra disappearance of coliforms 
above dilution is due entirely to the sedimentation process or 
whether death and other factors also play a significant role. 
In this connection, beach count data around the Hyperion outfall 
clearly indicate survival of coliforms for greater than 2); hours. 
For purposes of prediction, however, the causes of disappearance 
are secondary as long as the rate of disappearance can be estimated. 
The rate of disappearance for all causes in the vicinity of 
the Orange County Outfall is such that counts of more than 10 coli- 
forms per ml should not occur at distances of greater than six 
hours travel from the outfall. The surface distribution of coli- 
forms at Orange County and the observed rate of travel of the dye 
patches, as well as other data, indicate that currents of 0.2 knot 
or less are typical for the area, giving a pollution boundary of 
10 coliforms per ml at roughly 6,000 feet from the outfall. Since 
the dominant direction of sewage flow observed in this area has in 
general been parallel to the beach rather than towards the beach, 
little pollution would be predicted for the beaches in the vicinity 
of the Orange County outfall and what does occur would be expected 
within roughly a mile on either side. Actually, the beach count 
data available do not bear out these predictions. The possible 
reasons for this discrepancy will be discussed in the following 
section. 
If the rate of disappearance of coliforms in the Orange County 


area also held for the proposed outfall in Santa Monica Bay, then 
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59 
one would predict from the oceanographic data available, that there 
would be an ample margin of safety against beach pollution. The 
extra volume of sewage to be discharged increases the coliform 
load by roughly one and one half magnitudes. Since the overall 
disappearance curve is exponential rather than arithmetic in 
character, the extra load would mean an increase of only about 
two hours for the counts to fall below the 10 per ml level, all 
other factors being equal. 

The dye patch data suggest that the rate of disappearance is 
not the same at the three outfalls, although the rates did not differ 
markedly between Orange County and Hyperion. If the disappearance 
curves for Hyperion and Whites Point in Figure 3 are extrapolated, 
they intersect the 10 per ml level at about 7 hours and 10 hours, 
respectively. Since the curves are based on single runs, these 
exact times cannot be taken too seriously. However, the slower 
disappearance of coliforms in these two areas, in the order given 
is also supported by the surface distribution, including the data 
from the two grids run at Hyperion. The "viability" studies done 
by the Los Angeles Sanitation District indicate a much slower dis- 
appearance around the Hyperion outfall as compared to either the rate 
we calculate from our dye patch experiment or to the rate around the 
Orange County outfall. The questions as to which rate should be 
used for estimating the situation that wuld exist around the pro- 


posed new outfall is discussed later. 


Orange County Beach Count Data 


The beach data in the vicinity of the Orange County outfall 
shows that coliform counts (from the Orange County Sanitation 


District) in excess of ten per ml occur fairly frequently and 


60 
that on occasion the State standard of not over ten per ml in 
20 per cent of the samples is exceeded. ‘he area of excess counts 
extends from about 3,000 feet down coast to 15,000 feet up coast 
from the outfall. If the morning and afternoon samples are con- 
sidered separately, the picture differs somewhat in that the 
polluted area is more restricted in the afternoon and extends 
farther upcoast in the morning (Fig. 16). 

Contrary to what one would expect from the coliform distri- 
bution observed in the ocean, the area of excessive counts did 
not show a peak within the beach zone less than 6,000 feet from 
the outfall. This is particularly surprising because on at 
least one occasion a dye patch experiment showed that the sewage 
field could reach the surf zone in a period of three hours. The 
occurrence of excessive coliforms on the beach over 15,000 feet 
away from the outfall is also incompatible with the coclusion 
that the coliform field does not extend for more than 6,000 feet 
from the outfall. 

Assuming that the dye patch and profile experiments give a 
representative picture of the coliform field in the ocean on the 
days of the experiments, and there is no reason to believe other- 
wise, several explanations may be offered for the discrepancies 
between the beach and ocean distribution. First, and least 
probable, is that the observed beach counts are due to "bootleg" 
sewage introduced at points upcoast from the outfall. A check 
of the area failed to show any source of sewage of sufficient 
magnitude to be responsible. 

The second possibility is that high beach counts occur only 


on days when unusual conditions exist. If, for example, currents 
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Figure 16 
Beach counts along the Orange County coast exceeding 10/ml 


from August through November, 1955. 


pitts: So ony 


volt Hones Jerod’ 


id 


NOl NEI 


62 
of a half knot velocity or more occur periodically, the sewage 
field could be carried 15,000 feet in six hours and thus bring 
excessive coliforms into the beach areas as observede This 
supposition could be checked if there were some pattern from which 
times of excess counts could be predicted. Unfortunately, no such 
basis exists, and it would probably be necessary to make many trips 
of the type already carried out until one, by coincidence, happened 
to coincide with a day of excessive beach counts. 

An alternate possibility of the unusual conditions hypothesis 
is that the character of the sewage effluent alters in sedimentation 
characteristics from time to time so that the extra disappearance 
of coliforms over and above dilution is retarded or eliminated. 

It is obvious that the longer the suspended solids remain on the 
surface, the farther the sewage field can extend. The authors do 
not have sufficient knowledge of the characteristics and variations 
in the Orange County sewage to know whether this alternative has 
any validity. 

A third possibility is that the high beach counts are 
correlated with periods of excess plankton in the inshore waters. 
There is some evidence in the literature that coliforms may be 
associated, mechanically or otherwise, with plankton and thus be 
more widely distributed as the plankton are transported through 
the water. At the moment, there is little relation evident between 
the available plankton data and the beach counts. 

Fourthly, it is possible that the coliforms, once reaching the 
surf zone, are carried upcoast by a longshore drift. This idea is 
based on the supposition that sedimentation is a major factor in 


the disappearance of coliforms and that die-off is a minor one 
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over short periods of time. It can be assumed that once the 
suspended matter reaches the surf zone no further sedimentation 
will occur. Consequently, coliforms brought into the surf would 
then disappear only by dilution of slow die-off. With an upcoast 
drift, material brought into the beach less than 6,000 feet away 
from the outfall could be transported greater distances away. How 
rapidly coliforms would disappear would then depend on dilution and 
whether a diminution from this factor or others occurs is not known. 
It would appear that an investigation of the fate of coliforms in 
the surf zone is a necessary step in understanding the situation 
at Orange County. 

Finally, it may be that the coliform counts on the beach are 
not directly related to the sewage being discharged, but instead 
are determined by the distribution of coliforms in the bottom 
sediments. It is conceivable, from the scattered data obtained, 
that the bottom has a high coliform content for a large area 
surrounding the outfall. If this field of coliforms extends in- 
shore for a sufficient distance, it is possible that any oceano- 
graphic condition that stirs up the bottom will result in a fresh 
introduction of coliforms into the water along the beach. One 
would expect from this hypothesis that a correlation should exist 
between beach comts and local wave action. More complete infor- 
mation is required on the extent of the bottom coliform field before 
this possibility can be properly evaluated. 

In summary, although the beach count data do not correlate 
exactly with the predictions from the dye patch experiments, the 
discrepancies can be explained without discarding the observed 
rate of disappearance as being typical for the average conditions 


around the outfall. 
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Los Angeles Sanitation District Data 


The personnel of the Los Angeles Sanitation District have 
been conducting "viability" studies on coliforms discharged at 
periodic intervals in the unchlorinated secondary effluent of the 
Hyperion Plant. Their data are interpretated as showing a much 
slower rate of disappearance of coliforms than was observed in 
the dye patch experiments of the Hancock Foundation. Figure 17 
is based on a composite of the data of the LASD experiments and 
indicates that roughly a 6.5 hour period is required to give a 
90% reduction of the initial boil count and a 2); hour period to 
reduce the count to the 10 per ml level. As is described below, 
the field techniques they used in their experiments differ from 
those we employed. Since their rate of disappearance differs so 
markedly from ours, several questions arise. First, are the 
differences in methods employed responsible for the differences 
in results? If so, which method is superior for estimating dis- 
appearance rates and which, if any, should be the basis of pre- 
dicting the situation around the proposed outfall? These questions 
will be dealt with in turn. 

As already described, in our dye patch experiments a single 
point at the edge of the boil is marked with dye. Samples are 
periodically removed from the dyed area, and dye is renewed as 
required to follow the marked field. An effort is made to choose 
all samples from the most intensely dyed area of the patch and to 
renew the dye in this area. In the Hyperion experiments, the 
sewage field is marked with one or more dye patches as well as 


with current crosses. For each point on their disappearance 
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Figure 17 
Average reduction of coliform densities in Santa Monica Bay. 
(Graph based on data obtained by the Ios Angeles Sanitation Dis- 


trict). 
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66 
curve a traverse is made across the area defined by their markers. 
From 2 to 10 samples are taken on these traverses which in some 
instances extend over several thousand feet. The maximum count 
obtained on the traverse is interpreted as marking the "center" 
of the sewage field and decreasing counts are interpreted as 
meaning departure to varying degrees from the main field. The 
line shown in Figure 17 is an approximate "best fit" drawn through 
the medians of their disappearance values at the various times of 
sampling and is interpreted as representing the average picture. 

Apart from the differences in the nature of the experiments, 
there are no apparent differences in the techniques employed for 
determining coliforms that would account for the differences in 
results. Dr. Mittwer has observed the LASD techniques and Mr. 
Garber has observed those of the Hancock Foundation. Both are 
satisfied that the techngiues are essentially similar. Personnel 
of the AHF have usually employed five tubes per dilution in the 
dye patch experiments whereas the LASD have employed two tubes. 
Although this might make our individual determinations a little 
more accurate, it should not affect the general findings. We 
have always taken our samples from the dyed area while many of 
theirs were taken from areas there no dye was present. The 
possibility that the dye used might be toxic to coliforms was 
considered, but laboratory experiments failed to show any toxicity 
whatsoever at concentrations much higher than those present in 
the dye patch. 

The grids run at Whites Point and at Hyperion show that large 
variations in coliform counts are observed in samples taken almost 


simultaneously over a small area of ocean surface. It was pointed 
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out that the variations in sewage content of the Whites Point 

grid were very small and the variable counts cannot be ascribed 

to passing in and out of the sewage field. The same is apparently 
true in the Hyperion area. At the same time the grids were being 
run, the Hyperion personnel were measuring "viability" according 

to the described procedure. Their two hour traverse had three 
points within the area of the first grid, and their ).7 hour 
traverse had four points within the grid area. The counts for 

these seven determinations are shown in Table 9, along with other 
pertinent data. It can be seen that the variations in count can- 
not be ascribed to variations in sewage content. It also can be 
seen that traverse A and B taken by themselves indicate a marked 
reduction in count over the period involved, but that the results 
from the grid over essentially the same period do not indicate 

this decrease. If one takes the zero time count on the same day 
and the two traverse averages, a marked decrease is observed that 
approximates the results of our dye patch experiments, i.e., O hours - 
over 70,000/ml, 2.0 hours - 22,000/ml, and ).7 hours - 3,000/ml. 
Thus, data can be chosen from their runs that gives a picture almost 
identical to ours. 

The conclusion from this discussion is that both methods are 
measuring the same thing; that is, the disappearance of coliforms 
in the individual patches of the sewage field that happened to be 
sampled. Neither is presenting a picture of what happens in a 
representative sample. Either will determine what should happen 
on the average, and both should give essentially similar results 
if equal numbers of samples are examined by both methods. These 


conclusions are reinforced by the data obtained when LASD personnel 
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TABLE 9 


A COMPARISON OF DATA FROM TRAVERSES 


CROSSING TWO GRIDS WITH THE GRID DATA 


Station 


Traverse A =- 11251 
11:52 
11:53 

Geometric Av. 


Traverse B =- 1:29 


230 
331 
332 

Geometric Av. 
Grid #1 ey 
112)0 

Geometric Av. 
Grid #2 13259 
1:12 


Geometric Av. 


Calculated 
MPN CL o/oo | % Sewage 


2.9% 
3.5% 
5.0% 
2.6% 
2.8% 
2.2% 
5% 

to 

3,100 
to | 
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used their procedure in the vicinity of the Orange County outfall. 
Their results were identical with those of the AHF. Since they 
have run many experiments around the Hyperion outfall and we have 
run only one, it is probably that their results give a better 
average picture than ours. 

The question then remains as to whether their disappearance 
time should be used as a basis for predicting the situation around 
the proposed outfall, and the answer to this is probably no. It 
can be taken as established that the disappearance curves around 
the three outfalls differ. The cause of the difference is apparently 
not the differences in volume of sewage being discharged at the 
three outfalls; for if this were the case, one would expect the order 
of disappearance to be Orange County, Whites Point, and Hyperion. 
Nor is it the difference between primary and secondary treatment, 
since then one would expect Whites Point and Orange County effluents 
to give similar results. If it were a question of a difference in 
outfall construction, diffusers as against a single point discharge, 
one would expect the Whites Point area to show the greatest rate 
of disappearance because of the higher initial dilution. The two 
remaining possibilities are that different rates of disappearance 
relate either to differences in the oceanographic conditions in the 
areas, or else to differences in the nature of the material being 
discharged. Although the Whites Point area is quite different 
oceanographically from the other two, there are no known conditions 
that suggest that Orange County and Hyperion should differ appreci- 
ably. On the other hand, field and laboratory data show that the 


effluents from the three outfalls differ markedly. 
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Qualitative field observations suggest that there is a great 
difference in the character of the solids being discharged and in 
particular that these solids have markedly different settling 
properties. Particulate material from the effluent is visible in 
the boil of the Orange County outfall as small black discreet 
particles usually less than 1/l inch in diameter. The particles 
rapidly diminish in number wntil at a distance of about 1,000 feet, 
few are noticeable in the surface waters. Strings or patches of 
grease are rarely seen in this area and when such surface clots do 
occur, they are small and minor in extent. 

From the Hyperion outfall there are on most occasion large 
flat flocculent particles, often an inch or more in diameter in 
the boil and the immediate waters. The particulate material is 
frequently in such great quantities as to reduce the transparency 
to less than 2 feet with the Secchi dise and less than 1% light 
transmission with the transparency meter. The black floccules 
may remain visible in the surface layers for distances exceeding 
two miles, becoming consistently smaller with distance from the 
outfall. Although surface films of grease are not common in the 
waters surrounding the Hyperion outfall, they occur with greater 
frequency than in the Orange County area and may cover several 
hundred square feet of water surface. Such patches have been 
noted as far as ten miles from the outfall. 

Particles in the sewage discharged from the Los Angeles County 
outfall at Whites Point are similar to those seen in the Orange 
County area, except for the frequent occurrence of floatable 
objects. Large floccules are not particularly obvious, nor are 


they visible at great distances from the boil. However, the 
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surface of the sea around this outfall is usually covered with 
large continuous patches of brown grease and stringy material. 
These patches may be several thousand feet in length and many 
hundred feet wide. Grease areas covering several hundred square 
feet have been seen as far as six miles from the outfall site. 

It appears, therefore, that each type of effluent will have 
its own settling characteristics and that this parameter will 
largely control the rate of coliform disappearance, over the 
periods of time significant in a disposal situation. Consequently, 
it is no more valid to predict what will happen in the proposed 
outfall on the basis of the Orange County effluent than it is on 
the basis of the secondary treatment effluent now being discharged 
in the bay. What is now needed is a study of what happens when 
Hyperion primary is introduced and this study should employ not 
only the methods already in use by our group and the Hyperion 
group, but should also employ radioactive tracing of the sewage 


field, if possible. 
CONCLUSIONS 


1. The greatest effect of aon on the disappearance of 
coliforms occurs during the initial mixing of the effluent with 
sea water, and subsequent effects are minor. 

2e Factors other than dilution are effective in reducing 
coliform numbers. Evidence has been obtained to show that sedi- 
mentation has a major role in this connection and may actually 
by the only other factor of significance operating over short 


time periods. 
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3. The rate of disappearance of coliforms differs at the 
three outfalls studied, being fastest at Orange County and slowest 
at Whites Point. The differences in these rates seem to be associ- 
ated with the settling characteristics of the particulate fractions 
of these effluents. 

lh. It appears unwise to base any predictions of the behavior 
of the proposed outfall on the disappearance rates measured for 
the three effluents and it is proposed that similar measurements 


be made during discharge of primary effluent from Hyperion. 
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